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PREFACE 0
"This study was prepared by the United States Air Force Environmental Technical Applications Center, Readiness

Support Section (USAFETAC/ECR), in response to a support assistance request (SAR) from the 5th Weather Wing,
Langley AFB, VA, under the provisions of Air Weather Service Regulation 105-18. It documents work done under
USAFETAC project 807-11, and is the fourth in a four-volume series that discusses the climatology of the area
known as "SWANEA" (Southwest Asia-Northeast Africa). Like its predecessors, this work is complemented by two
other SWANEA studies. One describes transmittance climatology in the 3-5 and 8-12 micron bands; the other,
refractive climatolegy. Publication of these complementary studies parallels or follows the parent work.

The project woild not have been possible withou! the dedicated support of the many people and agencies we have
listed below in the sincere hope we've not omitted anyone.

First, our deepest gratitude and appreciation to Mr Walter S. Burgmann, Mr Wayne E. McCullom, Mr William
Reller, Mrs Kay Marshall, and Mrs Susan Keller of the Air Weather Service Technical Library.

To Mr Henry ("Mac") Fountain, Mr Vann Gibbs, Mr Dudley ("Lee") Foster, and other members of Operating
Location A (OL-A), USAF Environmental Technical Applications Center, Asheville, NC, for providing data, data
summaries, and technical support.

Thanks to Maj William F. Sjoberg, Mr Kenneth R. Walters Sr, and Capt Don D. Carter of USAFETAC's
Readiness Support Section (ECR) for their hard work, assistance, and encouragement.

Thanks to Mr Robert Fett of the U.S. Naval Environmental Prediction Research Facility and Lt Cmdr Rutsh
(Naval Liaison to Air Force Global Weather Central--AFGWC) for their assistance in providing supplemental data
for this project.

Thanks to Mr Maurice Crew of the United Kingdom Meteorological Office for providing copies of studies
unavailable elsewhere.

Thanks to Lt Col Frank Giobokar, Lt Col John Erickson, Maj Daniel Ridge, Maj Roger Edson, and Capt Patrick
Condray, for their cooperation in establishing and providing "peer review" of draft manuscripts.

Thanks to SSgt Thomas E. Dunker of USAFETAC's Operational Applications Section (ECO) for providing
the wind roses used in this document.

Finally, all the authors owe sincere gratitude to the Technical Publications Editing Section of the AWS Technical
libiary (USAFETAC/LDE)-- Mr George M. Horn and Sgt Corinne M. Kawa. Without their patience and
cooperation, this project could not have been completed.
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Chapter 1

INTRODUCTION

ARFA OF' INTEREST. This study--the fourthi of lour northern Africa. The Northeast Africa portion comprises
%olunbes that cover the entirc "SWANEA" (Southwest Libya, FEgyp~t, ('had, Sudan, and a small section ol'
Asia-Northe-ist Africa) region shown in Figuire Fthio;,ia. The study region has been further dlividedl into
I - I --describes the geography. climatology and five zones of-clinmaic commonality" (the Turkish (oasis
mecteorology of' the Mediterranean Coast and Northcast thc Eastern Mediterranean Coast, the North African
Africa. The Mediterranean Coast comprises the coastal Coast, the Eastern Sahara, and Southern Chad/Sudlan), as
regions of Turkey, Syria, Jordan, Israel, Lebanon, and shown in Figure 1-2, next page.
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. GEOGIRAPHY. The Mc'Iiterranean Coast comprises all 3,280 feet (1,(XX) meters) between 370 and 410 N where
ol israel and1 Lebanon, and part of Jordan, it includes the stronig marine characteristics are present-, average width
coasts ol'northcrn Africa an(1 the coastal areas (averaging of this section is 1 50 NM. Northeast Africa, at mostly
abont 20 NM wide) that run from the Tunisia-Libya barren and aridl region, includes Libya, Egypt, Chad, and
border to northwestern Turkey near 400 N, 290 E. Also Sudan. Figure 1-3 shows the topography and main
incluided are inland portions of western Turkey below geographical features of the entire study area.

_tr A -_

U-. so

W ML4ie CYPRUS

akhdar isxiwn A - <- A.,

0 N

-J' A El

r7 L.GYv

4,4.

E R :.dds~w

- I~snow"

Ci-- H- __

L. iS D2_ -
MaChad

Figure ~ ~ ~ ~ ~ ~ ~ ~ E 1F3. Toorah orteMdtra0"CL n otes fia

Ka1-3



Moisture availability is the most important climatic treatments of each climatic subregion in subsequent
clenient in this region. The extreme aridity in mot chapters Jo not include repeated descriptions of these
places (notably the Sahara, Negev, Sinai, and Libyan phenomena, but provide specifics unique to the
Deserts) contrasts with the Turkish coast, where lakes, individual subregion by focusing on macan distributions
ponds, and permanent rivers abound. and local anomalies of sky cover, visibility, winds,

precipitation, and temperature. Meteorologists using this
The Egyptian Nile Delta and the Jordan Rift Valley in study should read and consider the general discussion ir,

Israel and Jordan are unique features. The Nile Delta is a Chapter 2 before trying to understand or apply the
vast alluvial flood plain (11,310 sq NM) with extensive individual climatic zone discussions in Chapters 3-7.
irrigation canals. The Jordan Rift Valley forms the This is particularly important because the study was
northern end of the Great Rift System of Africa. The designed first as a master reference to the entire region,
Jordan River cuts a valley 5-12 NM wide and slopes and second as a modular reference to its subregions.
southward to the Dead Sea, which is 1,292 feet (396 Chapters 3-7 discuss "situation and relief" and "general
meters) below mean sea level, weather" for each of the five subregions, by season.

Sevaral mountain ranges parallel the Mediterranean The Turkish Coast (Chapter 3) includes those portions
Sea; their windward slopes are the wettest places in the of western and soathern Turkey where elevations reach
region. The Taurus Mountains (with peaks over 13,000 the top of the marine boundary layer (3,280 feet/l,OOU
feet/3,963 meters) back the Tiorkish coastline. The nieters MSL). The Mediterranean and Aegean Seas
Lebanon Ranges (with elevations up to 10,000 feet/3,050 provide moisture for frontal systems moving through this
meters) MSL extend along the eastern Mediterranean subregion. The storm track shifts north in the summer,
coast: the Akhdar and Nafusah Mountains in Libya lie allow •ig the sea breeze to dominate.
along the southern Mediterrar,ean coast.

The Easterin Mediterranean Coast (Chapter 4) extends
The Sahara is Northeast Afr'f.:',, most prominent from Syria south to the Suez Canal. This subregion's

geographical feature, comprising 70% of its land surface precipitation maximum is in winter due to cyclonic
(about 4.7 million sq NM). Only 20% of the Sahara, activity that develops in the Mediterranean Sea. The sea
however, is true sand desert; the rest is rocky stubble breeze is a factor, particularly in summer, but subsidence
eroded by persistem winds and infrequent rainfall. The aioft usually caps cloud development and minimizes
Sahaia includes elevated plains between 600 and 1,200 precipitation.
feet (183-366 meters) MSL, lowlands (with oases), and
depressions, the largest of which is the Qattara The North African Coast (Chapter 5) extends from the
Depression in northwestern Egypt; it covers about 7,200 Suez Canal to the Libya-Tunisia border. Most
square NM and is 436 feet (133 meters) below sea level, precipitation occurs in winter because of cyclonic
"!nselbergs" are isolated, Ftzep-sided hills and rocky activity. The sea breeze can advect some moisture
outcrops that rise above the desert floor at scattered inland, but the limited rainfall is not enough to change
locations Oiroughout the Sahara. The highest of these this subregion's desert environment.
reaches 6,345 feet (1,934 meters) MSL, but many are
less than 100 feet (33 'aeters) high. The Eastern Sahara (Chapter 6) includes most of Libya

and Egypt, as well as those portions of Chad and Sudan
Several prominent mountain ranges in Chad and north of 160 N. The climate is dry year-round, Cyclonic

Sudan (the 'Tibesti in northern Chad and the Marrah in activity usually only results in a wind shift, some
southwestern Sudan) rise above 10,000 feet (3,0(50 cloudiness, and duststorms. The Mediterranean Sea is
meters) MSL. the only moisture source, The Nile River is in the

eastern portion of the subregion.
SlUll)Y CONTENT. Chapter 2 provides a detailed
discussion of the major climatic controls that affect the Southern Chad/Sudan (Chapter 7) includes those
Mediterranean Coast and Northc:ast Africa. These portions of Chad and Sudan that lie south of 160 N. This
controls range from the macroscale ("semipermanent is the only subrcgion that has "wet" and "dry" seasons.
climatic cc.i.,ols"), through the synoptic ("synoptic The summer wet season is produced by the Monsoon

disturbances"), to the mesoscale. The indiviclual Trough.
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.CLIMATOLOGICAL REGIMES. The Mediterranean *NOTE: The AGL cloud bases given in this study tre
Coast sees mainly mid-latitude weather with migratory generalized over large areas. Readers must considcr
high pressure cells, cyclonic activity, and polar air terrain in applying these generalized values. For
surges. Lan(l/sca breczes are an important lactor close to example, the AGL cloud bases of the Marrah Mountains
shorelines. I lie traditional four seasons (winter, spring, arc generally representative of valley reporting stations,
summer, fall) are found here. but not of locations in surrounding mountains, where

ceilings and cloud bases would be lower, and where, in
Northeast Africa is dominated by large deserts. The fact, many locations would be obscured.

Eastern Sahara subregion is in the subtropics; climate is
primarily affected by Mediterranean weather, including DATA SOURCFS. Most of the information used in
migratory high pressure cells, cyclonic activity, and polar preparing this study came from two sources, both within
air surges. There is seldom enough moisture, however, the United States Air Force Environmental Technical
to produce precipitation. Applications Center (USAFETAC). Studies, books,

atlascs, and so on were supplied, with rare exceptions, by
South of 160 N, Northeast Africa is dominated by the Air Weather Service Technical Library, or AWSTL,

seasonal wind revei'sals that produce wet and dry which is the only dedicated atmospheric sciences library
seasons. in the Department of Defense and the largest such library

"in the United States. Climatological data came direct
The climate between 110 and 16c N is that of a from the Air Weather Service Climatic Database or

semidesert steppe; the weather is more tropical than through Operating Location A, USAFETAC--the branch
Mediterranean. Because of this, phenomena such as the of USAFETAC responsible for maintaining and
Monsoon Trough and squall lines will be stressed. managing this database.

CONVENTIONS. The spellings of cities and RELATED REFERENCES. This study, while more
geographical features are those used by the United States than ordtinarily comprehensive, is certainly not the only
Defense Mapping And Aerospace Center (DMAAC), but source of meteorological and climatological information
expect wide variations in the English spelling of many for the military meteorologist concerned with the
place names in North Africa. Distances are in nautical Mediterranean Coast and Northeast Africa.
miles (NM), except for visibilities which are given in USAFETAC's Readiness Support Section (ECR)
statute miles. Ceilings and cloud bases are in feel/meters occasionally prepares special narrative climatologies for
above ground level (AGL)*, but cloud tops are above smaller areas or points within this region; contact ECR
mean sea level (MSL). Elevations are in feet with a directly for information on such studies. Station
meter or kilometer (kin) equivalent immediately Climatic Summaries for Africa and Asia provide
following. Temperatures are in Fahrenheit (F) with a summarized observational data for many stations in the
Celsius (C) conversion following. Wind speeds are in study region. Staff weather officers and forecasters are
knots (kt). Precipitation amounts are in inches with a urged to contact the Air Weather Service Tehcnical
millimetcr (mm) conversion following. Most synoptic l.ibrary for as much data cr the region as is currently
chart times are given in Greenwich Mean Time (GMT or available.
Z). When synoptic charts are not provided, only local
standard time (IST) is used.

0
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* Chapter 2

MAJOR METEOROLOGICAL FEATURES
OF THE MEDITERRANEAN COAST AND NORTHEAST AFRICA

The "major meteorological features" of the MediterTanean Coast and Northeast Africa are listed below as they
appear and are described in ;his chapter. These features affect the weather and climate of the region during pa-t or
all of the year. The same features may be discussed in more detail in subsequent chapters as they relate to individual
subregions of the study area.
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SEMIPERMANENT CLIMATIC CONTROLS 6
SEA SURFACE TEMPERATURES (SSTs). The and eastern portions ol the Medjierrailcan Sea are
Mediterranean and Aegean Seas strongly influence the warmest, while the Aegean Sea is always coolest.
climate of the coastal subregions by modifying Figures 2-la-d give seasonal SSTs for these water
temperatures in the marine boundary layer. The southern bodies.
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Figure 2-1a. Mean January Sea Surface Temperatures (F). January SSTs have a large temperature gradient,
particularly across the Aegean Sea. The cooler waters are the result of cold continental air masses moving over
them, as well as subsurface mixing in the Mediterranean Sea. Water temperatures are 8-15) F (5-90 C) higher along
the sheltered southern Turkish coast. Mediterranean Sea SSTs are higher in the east; cold European polar air and
subsurface mixing have more of an effect on western areas.
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Figure 2-lb. Mean April Sea Surface Temperatures (F). General warming in spring produces a slight increase W
in April SSTs. Warmer water surfaces moderate polar air masses crossing the region.
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Figure 2-1c. Mean July Sea Surface Temperatures (F). By July, water temperatures peak throughout the basin.
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Figure 2-Id. Mean October Sea Surface Temperatures (F). Fall SSTs iemain high in the Mediterranean, but the
Aegean Sea cools faster.
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THE AZORES HIGH helps regulate cyclonic activity The Asiatic High also plays a part in determining the*

into the Mediterranean Sea basin and is an important part tracks of surface lows. Strong high pressure extending
of the subtropical circulation pattern. This semi- into eastern Europe usually forces Mediterranean lows
permanent high-pressure cell's mean positiorn varies from eastward or southeastward into the Middle East. When
290 N, 290 W in January io 370 N, 37' W in July. Mean the Asiatic High is weak and restricted to central Asia,
sea-level pressure varies from 1021 mb in January to these lows track in the direction of upper-level flow. The
1025 mb in July. The strength and position of the high Asiatic High provides a source of low-level cold air into
can channel mid-latitude systems into the area or form a the Adriatic, Aegean, and eastern Mediterranean Seas.
"blocking" pattern of strong ridging in the eastern Cold air enters these waters through mountain passes
Atlantic Ocean. Mean positions of the Azores High aT along the Yugoslavian coast and across the Sea of
shown in Figures 2-2a-d. Marmara into the Aegean Sea, where it enhances

cyclogenesis--see Figure 2-3.
THE ICELANDIC LOW is a dominant stuface feature
in the North Atlantic throughout the year. ;t represents THE SAHARAN HIGH is the only mean, large-scale,
the mean position of numerous migratory lows in the high pressure feature in the eastern Sahara during late
vicinity of Iceland. The area is a good cyclogenesis fall, winter, and early spring. It develops in October or
region due to the relatively warm North Atlantic waters November and dissipates by May, but ridging from the
and the cold air from Greenland. Lows typically move Azores High extends into northeast Africa year-round
west to east and can become very intense. The pressure (see Figures 2.-2a-d). This high is part of the subtropical
gradient between the Icelandic Low and the Azores High belt of high pressure and is of dynamic origin. Strong
produces a broad field of westerlies over the Northeast radiative cooling enhances its surface strength. Its
Atlantic, directing a constant stream of storms into day-to-day position and strength vary as deep polar
western Europe. Most of these lows track northeast into troughs enter northern Africa, particularly between
the Norwegian Sea and occlude; however, secondary January and early April. The Saharan High generally
lows frequently form on the trailing cold front and move moves eastward ahead of the disturbance or disappearsi
along a southeastern track from the British Isles to the entirely off the synoptic chart. It usually reforms at the
Mediterranean Sea. surface within 12-24 hours after a frontal passage.

Saharan High outflow is dry and cool, averaging 3-5
THE ASIATIC HIGH is a strong but very shallow knots during fair weather periods.
semipermanent high pressure system that dominates
much of the Asian continent from late September to late Figures 2-2a and 2-2b show January and April
April. It is produced primarily by radiational cooling, locations and mean sea-level pressures of the Saharan
Migratory Arctic air masses moving southward to central High. The two features often produce an extensive
Asia temporarily reinforce and intensify this high. high-pressure ridge over northern Libya and west-central
Centered over western Mongolia, its mean central Egypt. The Saharan High's mean April position shifts
pressure is strongest in January (see Figure 2-2a) and slightly eastward to 220 E due to increased daytime
February. Vertical extent rarely exceeds 850 mb. The heating and the increase in cyclonic activity over the
Asiatic High may exceed 1,050 mb for 1-3 day periods; Atlas Mountains.
highest recorded pressure is 1,083 mb.
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Figure 2..2a. Mean January Position of the Azores Hi1gh, Icelandic Low, Asiatic High, amd Saharan High.
From December to February, the Azores High extends eastward over the western Sahara, reinforcing mean westerly
surface flow into the region. Occasionally, a strengthening Azores High ridges northward over the coastal waters of

• [ western Europe for 5 to 10 days. This allows the Polar Jet to slide southward along the north and east side of the
SAzores High into the north central Sahara, producing cold weather outbreaks in the Mediterrna region. TheO Icelandic Low is usually below 1,000 mb in winter.. C

40

Figure 2-2b. Mean April Position of the Azores High, Icelandic Low, Asiatic High, and Saharan High. From
March to May, the Azores High moves slowly WNW to near 300 N, 320 W. Its weseraly spring migration wtway

from the African continent weakens the mean high-pressure ridge over North Africa. Cyclonic activity (and its main. storm track--see Storm Tracks) dips southward over the western Mediterranean Sea. Intense duststorms are common

as s Hing winds sweep across the dry Sahara (,ee Khainsin). In March and April, the Asian landions warms
quickly, weakening support for the Asiatic High; mean pressure decreases to 1022 mb and shifts westward.
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Figure 2-2c. Mean July Position of the Azores High and Icelandic Low. From June to September, the Azores
High strengthens to a mean of 1025 mb and reaches its northernmost position near 370 N, 370 W. The High
effecuively blocks cyclonic activity into the Mediterranean Sea basin by producing a strong ridge over western
Europe. Cyclonic activity can penetrate southwsprd only when the ridge is weak and low pressure off' Iceland is
strong. The Icelandic Low is much less prominent in summer, with central pressures averaging near 1010 mb.W
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Figure 2-3. General Tracks For Cold Asiatic Air Into the Central and Eastern Mediterranean.

THE ANATOLIAN PLATEAU HIGH forms in winds that advect moist, warm air ahead of
central Turkey during the winter due to radiative cooling, eastward-moving Atlas and Cyprus Lows. The Red Sea
It is connected to the east with similar highs over the is the source of this moisture, which can result in
Iranian highlands. With calm conditions, the short-lived thunderstorm activity over the northeastern Sahara.
high pressure cell often forms southeast of Ankara.
Turkey's mountainous terrain creates a natural barrier to The Anatolian Plateau Thermal Trough is a daytime
eastward-moving systems, and the high pressure surface feature produced by strong surface heating over
reinforces this barrier. Strong winter and early spring the Anatolian Plateau of Turkey from May to
"cyclones can break down the ridge and move directly September--see Figure 2-4c. The trough, 3ometimes
across Turkey. This high is not persistant enough to becoming a weak low, may appear to LG part of the
show on mean pressure charts. large-scale low pressure trough over Africa, the Middle

East, and South Asia; it is, however, a local
THERMAL LOWS. Four well-defined thermal lows or phenomenon. This is particularly evident in the fall
troughs affect this region directly or indirectly during when cool air penetrates into the region and destroys the
different parts of the year; they are the Sudanese Low, trough, while the large-scale low pressure trough remains
the Anatolian Plateau Thermal Trough, the Saharan Heat intact over southwest Asia. This thermal trough is
Low, and the Saudi Arabian Heat Low. responsible for cnating the Etesians (which see), a local

northerly wind circulation through the Aegean Sea.

•The Sudanese Heat Low is present during most of the Flow along the trough's northwestern quadrant reinforces

ycar--sce Figures 2-4a-d. It is responsible for southerly these winds.
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The Saharan Heat Low develops over the Sahara Mediterranean coast. It also assists in Atlas Low
Desert near 250 N, 30 E in late March or early April and development. In northwestern Libya, west of 220 E, (dry
lasts until mid-October. It is sustained by intense solar low-level winds blow from 45 to 170 degrees and
radiation through the summer and can extend up to 750 average 8 to 15 knots. This persistent circulation
mb. This low anchors the western end of the large-scale introduces large amounts of dust into the atmosphere.
low pressure trough extending from Pakistan westward By July, the semipermanent Saharan Low has a mean
to the Sahara. In March and April, it is the origin for hot, surface pressure of 1004 mb--see Figure 2-4c.
dust-laden air masses that affect the eastern Sahara and

Figure 2-4a. Mean January Position of the Sudanese Low. Between December and March, the Sudanese Low
lies over the elevated plateaus of southwestern Ethiopia and southeastern Sudan at 70 N, 32° E.

D NIES E

40 200 dOa Igo
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Figure 2-4b, Mean April Position of the Sudanese Low. In April and May, the Sudanese Low migrates
riort~hwaird to 1 5-20o N.
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The Saudi Arabian Heat Low is present from April to Red Sea and eastern Egypt/Sudan; speeds are 5 to 15
late October. It can extend to 650 mb. Its summer knots. Since it does not appear on mean pressurc charts
position and strength is regulated by intense surface for July, the gradient-level streamline flow over the
heating over the Rub al Khali Desert. Its mean position eastern Sahara and Middle East Peninsula is shown in
(200 N, 480 E) varies little. The low weakens at night, Figure 2-5.
producing descending air and dry northeasterlies in the

0 W.0

. ". .. ... .SAUDI

Figure 2-5. Mean July Position of the Saudi Arabian Heat Low. Streamlines (solid lines)
show direction of flow. Isotachs (dashed lines) are in knots.
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, THE MONSOON CLIMATE. The term "monsoon" is -Wind directions and speeds must exhibit high
generally applied to areas where there is a seasonal degrees of steadiness; and
reversal of the prevailing surlace winds. The generally
accepted definition of a "monsoon" climate incorporates -No more than one cyclone/anticyclone couplet
the following criteria (after Ramage, 1971): occurs during January or July in any 2-year period

within any 5 degree grid square.
-Prevailing seasonal wind directions between
summer and winter must change by at least 120 Figure 2-6 shows the northern limit of the monsoon
degrees; climate (shaded area) lying across Northeast Africa as

defined by Ramage.
-Both summer and winter mean wind speeds must
equal or exceed 10 knots (5 meters/sec);

TURKEY

2 SYRIA

"Mediterranean Seva , t~Ilri.
'ArUNISIA - -

30*@j4 3ISFIAEL

rl African ' JORDAN

I •SAUDI
Libya ARABIASi ~Egypt

ALERA ultern Suitors IDwert •KA ""RAAER

20ON
NIGER

,/5- - C 5iad/Sud,

10NIEI if

AFRICAN RPBI

SZAIRE KENYA•'

10-E 20*E 3D*E 'UGANDA

Figure 2-6, Region Affected by the Monsoon Climate. The hatched area shows the northern extent of the

"monsoon climate" according to Ramage.
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THE MONSOON TROU!GH forms from the southwesterlies. The Monsoon Trough's northward
convergence of Azores and South Atlantic High ouillow, movement from March to July is more gradual than the
Oriented WSW to ENE across eqtuatorial Africa, it southward movement from August to November. The
separates the dry subtropical Saharan air from the moist trough is farthest north in July and August. Figure 2-7a
equatorial Atlantic air. A series of lows develop along shows its positions as it moves into Chad and Sudan;
the trough axis where the northerly winds meet the Figure 2-7b shows its positions &a il moves out.

20 "N Chad Sudan

May

Apr/ J

-10ON Mar

20°)E 30

Figure 2-7a. Mean March-July Monsoon Trough Positions, Chad and Sudan.

20ON

Sep

Oct

100N

Nov aNo • 20°E 30

Figure 2-7b. Mean August-November Monsoon Trough Positions, Chad and Sudan.
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From March to May, surface MonsoonI !'rough station, the mean surface winds back through the north
miovemnents ale charactcrized by brief' 1 -3~ (', northward and wesi.
suiges when dfeel) Athas L ows (whichi see) teinporarib."
replace or weaken the Azores/Sahaian Iligh pressure iDi'ing the summer, ridlging Ironi Ilie Aioies and
ridIge over the Sahara. The Monsoon Trough moves Saharan llighs is replace'.l by the Saharan Heat Low.
northwardt 20-50 NM in response to the lower pressure C'yclonic activity and iransitory high,% shilt northward.
and is driven southwardl again when high pressure builds *rhe avwrage positiun of the surface Monsoon Trough
behind the front. These highs are still strong in March, remains faiily constant during the summer. Figure 2-8a
but they are much weaker and less frequent in April anid shows the general summer meteorological pattern with
May, allowing the surface Monsoon Trough to gradually the b)road Monsoon Trough, actually a wide Lelt of
move northward in tie spring. Between December and thermal lows su-etching across the African continent and
July, the South Atlantic High also strengthens and moves dominatedI by the hot, dry, Saharan air mass. Figure. 2-8b
from 320 S to 260S, driving the trough northward. As is a salellite view of an active Monsooin Trough in June
the Monsoon Trough approaches and moves north of' a with a tropical disturbance over southwest Sudan.
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E -I Iha. ,IFrFOSA" tnmlarged View. Infrarcd Pictuc. 1 155GMT 13 June 1979.

Figure 2-3b. Satellite View of Northeast Africa Showing a Tropical Disturbance in the
Monsoon Trough (Felt, 1983). The low is identified as a tropical disturbance over southwest
Sudan. Thae suspended dust of a Haboob (which see) is evident north of Khartoum.
Thunderstorms were reportrd south of Khartoum, and suspended dust and duststorms were
reported north and west of the city.

The bounoay ieparating the Saharat air mass from N at 850 mb and 50 N at 700 mb. It is marked by wind
(he cooler, moist#- equatorial air to 'he south is often shifts and humidity ccntrasts. On the north of the ITD,
referred to by A•'ican meteorologists as the "Intertropical winds are generally northrly or easterly at low- and
Discontinuity," or LTD. Other meteorologists may use mid-levels, while winds to the south are southwesterly or
other terms for the ITD, which is shown as the ha&ched westerly. The two contrasting air masses also produce
line in Figure 2 9. The ITD slopes southward and the thermally driven Mid-Tropospheric Easterly Jet
extends upward o 700-600 mb. It is a baroclinic zone, (which see) that produces localized areas of divergence,
with stable Saharan air over moist, conditionally unstable 'enhancing cloud cover and rainfall.
equatorial air. The ITD's mean summer position is 150

2-14



. mb
100-

200-

300 -

50 1 -Sufc Ac As
Monsoon Trough I

700 CU IT

800- "S

N 150NM 300 NM 450NM - S

Figure 2-9. Vertical Cross Section of the "African Interior" Monsoon Trough and the Intertropical
Discontinuity (ITD) (from Omotosho, 1984). Note that precipitation aessociated with the Monsoon Trough and ie%

* ITD occurs well south of the Monsoon Trough's surface position,
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MEAN MID AND UPPER-LEVEL FLOW. Figures 2-10 through 2-13 show January, April, July, and October
streamlinc flow at 850, 7(X), 500, 300, and 2(X) millibars over the entire SWANEA study area. 0

0* 10° 20* 300 40* 50r 60 700

I oI

Figure 2-10a. Mean January Upper-Air Flow Patterns, 850 mb.

V0 10 200 300 40* 500 600 70'

Figure 2-10b. Mean January Upper-Air Flow Patterns, 700 mb. 0
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Figure 2-10e. Mean Januaij3 Upper-Air Flow Patterns, 200 mb.

09 lob 20' 3V0 400 so* 60r 70'6

Fiue40.MenArlLpr-ilwPttrs 5 b

302-18



0o0 10. 20* 3(r 4(0 60( 70*

Figure 2- 1ib. Mean April Upper-Air Flow Patterns, 700 nib.

00

Figure 2-1l1c. Mean April Upper-Air Flow Patterns, 500 nib.
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Figure 2-lie. Mean April Upper-Air Flow Patterns, W0 mb.4
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Figure 2-12a. Mean July Upper-Air Flow Patterns, 850 mb.0
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Figure 2-12b. Mean July Upper-Air Flow Patterns, 700 mb.
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Figure 2-12d. Mean July Upper-Air Flow Patterns, 300 mb.
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Figure 2-12e. Mean Octobe Upper-Air Flow Patterns, 800 m~b.

40'2 -z



00 100 20* 30r 40' SW 00 70'

301 20.0 4 5 07

Figure 2-13b. Mean October Upper-Air Flow Patterns, 700 mb.
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Figure 2-13d. Mean October Upper-Air Flow Patterns, 200 mb.
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i'1l SUTROIC~. RI)(E Ths i~pe-level with alternating periods (if westerly and masterl
feature, represented graphically by the 2tN-mb ridge axis upper-level I'ow. Upper-level westerly f1(cw occurs
line, marks the division between upper-level westerly throughout the year north of 300 N. !n October,
and easterly flow. As shown in Figure 2-14, thie southerly or easterly flow )nly occurs south of 200) N.
Subtropical Ridge oscillates from 60 N in January to April and October positio'ns can be inferred fromn Figures
24-2.70 N in July. This oscillation provides the region 2-1lie and 2-l3e.

30L 
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Figure 2g4 enJnayad,'iyPstos h utopi- ig.reJge iedntstema
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* SYNOPTIC DISTURBANCES

,JET STREAMS. Four different jet streams affect thiF systems throughout the Mediterranean Basin, The Pi's
region: the Polar Jet (PM), the Subtropical Jet (STS), the position and movements control cold air advection and
Tropical Easterly Jet (TEJ), and the Mid-Tropospheric mid-level direction for developing Mediterranean
Easterly Jet (MTEJ). cyclones; the STJ provides steering, shear, and outflow

in the tipper layers. These jets affect all of the study area
The Polar and Subtropical Jets (PJ and STJ) are except sub-Saharan Chad and Sudan. Figure 2-15 shows
important to the formation and movement of weather the mean jet positions in January and July.

2040 0

•SJ

JULY= /

Figure 2-15. Mean January and July Positions of the Polar let (PJ) and Subtropical Jet (STJ).
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Mcan PJ positions vary from north to south over Initially, surface low-pressure cells develop when a
Europe from l550 to 65' N. Maximum wind speeds from strong PJ digs south of 300 N and forms a deep
December to March vary from 60 to 160 knots. The PJ upper-level trough. Northerly flow often develops on the
is usually found near 30,(X) feet (9,146 meters) MSL. east side of a blocking high-pressure ridge over the
Southward deviations (to 30-450 N) are most frequent eastern Atlantic. The PJ and upper-level trough may
between December and March, but the PJ enters the intensify surface lows over the Mediterranean Sea and in
eastern Sahara on rare occasions in April, May, or June. the lee of the Atlas Mountains of northwestern Africa.
The April-June PJ is found between 30,000 and 34,000 Northerly flow ensures that the trough and the surface
feet (9,116-10,365 meters) MSL; maximum wind speeds cyclone move eastward into the eastern Mediterranean.
are between 60 and 140 knots.

The preferred area of low-pressure center
Although the STJ shows less variability in its daily intensification is often under the southeast quadrant of

position, seasonal variability is greater than that of the the upper-level trough. The low often deepens in the
PJ. Mean STJ positions over the subtropics range from area between the two jets. Jet stream interaction most
250 to 450 N. Maximum wind speeds between frequently occurs with Atlas Lows between 250 and 300
December and April are between 80 and 180 knots at a N--nearest the mean position of tfle STJ. Figures 2-160-c
mean height of 39,000 feet (12,195 meters) MSL. illustrate generalized PJ/STJ interaction and low-pressure
Speeds between May and November are between 30 end intensification area for Genoa, Atlas, and Cyprus Lows,
60 knots at 39,000-43,00 feet (12,195-13,110 meters) respectively.
MSL. The STJ is weakest in July and August, seldom
extending south of 350 N.

60/

Figure 2-16a. Typical Jet Positions Drring Figure 2-16b. Typical Jet Positions During
Formation of Genoa Low. The surface low formation/ Formation of Atlas Low. The surface low formation/
intensification area is denoted by the circled X. intensification area is denoted by the circled X.
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Figure 2-16c. Typical Jet Positions During Formation of Cyprus Low.

The surface low formation/intensification area is denoted by the circled X.

Tropical Easterly Jei (TEJ). This summer feature in position lies at about 100 N, but it oscillates between

the upper-level eastcrlies develops as outflow from the 7030' and 180 N (see Figure 2-17). Highest wind speeds

* southern edges of the Tibetan 200-mb circulation. The (90 knoLs) are found between 100 and 200 mb. The TEJ

TEJ provides an outflow mechanism for Monsoon normally lies about 4-50 south of the surface Monsoon

Trough convection, thus sustaining convection in Trough over the African continent west of the Ethiopian

sub-Saharan Chad and Sudan. Changes in the TEJ may Highlands.

cause surges in Monsoor Trough convection. Its mean

f6--

LL~

2-2
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O ~~Figure 2.17. Mean July 200-rob Zonal Flow Showing the Tropical Easterly Jet (TEJ). The dark arrow is the

TEJ. The stippled area represents easterly flow. Dashed lines are isotachs in knots. Solid lines are westerly flow

isotachs.
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Mid-Tropoopheric Easterly Jet (MTFJ). This the cooler, moister equatorial air. The gradient is
mid.level jet occurs over subtropical Africa between strongest during the summer when surface temperatures
May and October. Thu MTEJ develops from the. thermal reach their maximum over the Sahara, but change little
contrast along the ITD as hot, dry Saharan air lies over over equatorial regions.

J 30N 20 0N 10ON 00  10 0S 200S 30)S
3OF Juy00

30. , W 2OO-

3500

Am toIl_"o
-

Figure 2-18. Meridional Cross Section of Zonai Winds Near 100 E for July. Solid lines are isotachs in knots.
The arrow points out the location of the MTEJ.

The MTEJ develops along the Ethiopian Highland cross section at 13' N in August. The dotted line shows
foothills (the southeasternmost penetration of Saharan the jet axis. The MTEJ steers African Waves (which see)
air) and extends westward to the Atlantic Ocean. Mean westwsd between Khartoum and N'Djamena from June
jet core winds average 25 knots; maximum speeds can through September.
reach 50 knots. Figure 2-19 shows an MTEJ latitudinal

ISO-%s4

Soo .....................

O AKiR HI1AMEY FT. LAMY K~ONdROM AE
17W 2E 15E3'E 45

Fiue2-19. Cross Sectional View Showing the M4TF.J at 130 N in August (from Burpee, 1972). Solid lines
are isotachs in knots. The dotted line slhows the jet axis. The easterly wind maximum correlates well with the mean
height of the Intertropical Discontinuity (ITD) at 130 N during August.
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. MII)-LATITUDE CYCL(X-'ENESIS. Areas of frequently between November and March. Deep Cyprus
cyclogenesis for Genoa Lows, Atlas Lows, and Cyprus Lows produce thunderstorms in the northern Nile River
Lows are shown in Figure 2-20. These systems affect the Valley of Egypt. One winter thunderstorm in this area
eastern Mediterranean Coast and northeast Africa most brings 70 to 90% of the entire seasonal rainfall total.

1 1b

00

0

0 2

Figure 2-20. Mediterranean Cyclogenesis Regions. The three primary areas of cyclogenesis are
shown for (I) Genoa Lows, (2) Atlas Lows, and (3) Cyprus Lows. Arrows indicate general
direction of movement.

Synoptic considerations dictate specific areas for normally intensify over a 12-48 hour period before
cyclone formation and movement. Surface pressure moving off into the north-central Mediterranean.
patterns, shortwave troughs, vorticity advection, and
jet-stream positions determine cyclone strength. The There are three common patterns for Genoa Low
entire Mediterranean coast is affected by these systems. developmenL One is the movement of a surface cold
Surface cold fronts extend southward into northern Libya front into the Gulf of Genoa from the west in advance of
and Egypt and provide most significant weather in these an upper-level trough, which produces southwesterly
aivas. Only abnormally deep surface troughs can bring flow aloft in the warm sector. Unstable cold air advected
even wveak temperature changes and wind shifts south to by strong northerly surface winds through the Rhone Gap
1t8' N. Cold fronts moving south of this area weaken in southern France produce cyclonic turning at the lower
into a shear line. levels. The warm Mediterranean Sea supplies moisture

to the developing low, which moves southeastward into
The Genoa Low forms primarily from December to the Mediterranean, then turns eastward toward Turkey.

March in the Gulf of Genoa (the northern part of the The primary track is ESE into Cyprus, with a secondary. Ligurian Sea); it accounts for 69% of Mediterranean track ENE into the Black Sea. The cold front will
basin cycones. Airflow over the Swiss Alps produces normally extend 200 NM inland into northern Africa, but
lee-side troughing off the coast of Italy; transient the southern end is weak.
disturbances intensify in this trough. These storms
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A second common synoptic pattern for Genoa Low In March and April, the mean Azores High moves
development is the establishment of a blocking 5(0-mb northwestward, shifting the mean mid-level flow pattern
ridge over the eastern Atlantic along Uhe European coast from zonal to more meridional. This can cause a
that brings north to northwesterly mid-level flow into the southward movement of disturbances along the Polar Jet,
Mediterranean basin. Icelandic Lows passing to the which often digs along the backside of the 5()-nib
north extend cold fronts southeastward over Spain and tmugh, producing lifting along the Atlas Mountains,
France. The blocking long-wave ridge steers shortwaves Mid.level cold air and moisture cross the Atlas range as a
into the Gulf of Genoa. Cold air aloft, warm water at the cold-core cut-off low or shortwave. These storms
surface, and lee-side troughing combine to intensify the seldom develop or penetrate very far into the eastern
shortwaves. The low normally tracks southeastward over Sahara without strong northerly flow and mid-level cold
the central Mediterranean Sea. These migratory lows air support. The Subtropical Jet provides strong outflow
may bring short periods of light showers, drizzle, or and divergence aloft; mean wind speed is 80 knots over
virga to areas east of 150 E and north of 230 N. western Africa in the spring.

A third synoptic situation for Genoa Low formation The lows normally move northeast over the
occurs when cyclonic shear over the Strait of Gibraltar south-central Mediterranean along the polar-subtropical
produces an upper-level cutoff low in the western jet axes. They produce strong south or southwesterly
Mediterranean. About 10% of these vortices reach the winds within dte cyclone's warm sector (see Sirocco and
Gulf of Genoa and intensify into a Genoa Low. These Kharnsin regional winds). When a sustained northerly
troughs bring mid- and upper-level clouds, but no flow pattern persists for more than 3 days, the Polar Jet
precipitation in northeastern Africa south as far as 250 N. and the mean Atlas Low storm track shift southward with

the lows moving east across the northern Sahara; polar
The Atlas Low. From March to April and from October air surges south of 300 N. Southerly winds are greater
to early December, transitory lows form in the than 25 knots, producing Khamsin winds over central
north-central interior of Algeria southeast of the Atla3 portions of the eastern Sahara. Strong surface high
Mountains near 300 N, 20 E. An Atlas Low generally pressure (see Harmattan) normally moves in behind the
forms when a mid- or upper-level trough, oriented system. Figures 2-21a through e depict a 3-day sequence
NE-SW over Spain, is positioned over a weak surface during which Atlas Low cyclogenesis and movement is
low or slow-moving cold front. east-southeastward over the northern Sahara.

-~k

"."-.. ..

4!l

Figure 2-21a. Synoptic Sur face Chart (7 April 1954, 0000Z), Atlas Low. Pressures in millibars.
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. Figure 2-21Ic. Synoptic Surface Chart (8 April 1954, GOOOZ), Atlas Low. Pressures in millibars. The Atlas Low
is developing on the leeside of the Atlas Mountains.
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Figure 2-21d. 500-mb Flow (8 April, 1954, 0300Z), Atlias Low. Contours are heights in geopotential meters

(gpm). The 500-mb trough is moving southeastward from central Spain into northern Algeria, forming a cut-off low

at 350 N, 30 E.U
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The Cyprus Low. This migratory low can create heavy 2-22) and instability aloft caused by cold slow-moving
thunderstorm activity between November and March. migratory (mid- and upper-level) polar troughs. One or
Two factors contrhbule to Cyprus Low cyclogenesis: two Cyprus Lows produce extensive thundcrstornm
low-level ifllow ot 'orthwv'stcrlies Irom the Aege•i Sca owlbr'ekiks cwv' y winter.
over warm eastern Mediterranean waters (see Figure

. . ~LOW.

Figure 2-22. Surface Circulation Causes Development of the Cyprus Low.

The Cyprus Low develops over a warm water Figures 2-23a-d illusLrate a mid-November sequence
surface. As a result, less instability is needed to sustain for Cyprus Low formation. Figures 2-23a-c are surface
lower surface pressures. Favorable mid- and upper-level charts showing the 16-18 November 1953 development
flow (westerlies) occur frequently throughout the of the low, and 2-23d is the 18 November 500-mb chart.
December-March period, whereas the Atlas Low
cyclogenesis area requires a sustained northerly flow
pattern, common only during transition seasons.
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Figure 2-23a. Synoptic Surface Chart (16 November 1953, OOOOZ), Cyprus Low. Pressures in millibars.
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Figure 2-23c. Synoptic Surface Chart (18 November 1953, OOOOZ), Cyprus Low. Pressures in millibars.

II

.Figure 2-23d. 500-mb Flow (18 November 1953, 0300Z), Cyprus Low. Contours are in geopotential meters
(gpm).
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A thunderstorm outbreak with significant rainfall trigger the development, otherwise only light, short-lived

requires cold air between 7(X) and 500 mb, usually 15 to showers occur.

180 F (8-10' C) colder than the environment.
Occasionally, very cold polar troughs penetrate the For the rare heavy rainfall or snowfall to occur,

eastern Mediterranean Sea with moist low-level support, strong mid- and upper-level troughs must accompany the

Warm Saharan surface air advected ahead of the cold surface low. Figures 2-24a through d show two diflerent

front creates favorable conditions for Cyprus Low Cyprus Lows in the eastern Mediterranean Sea; the rare

development and severe thunderstorm activity, heavy rainfall event is only produced by the synoptic

Significant positive vorticity advection is required to patterns in Figures 2-24c and d.

60

Figure 2-24a. 500-mb Contour Chart Over a Cyprus Low With No Severe Thunderstorms or Heavy

Precipitation. Dashed lines are isotherms (C) at 5-degree intervals; solid lines are geopotential height (gpm) at

50-meter intervals.

k /9

Figure 2- 2 4 D. Surface Chart Depicting Cyprus Low Position Beneath a Weak Mid-Level Trough With No

Severe Thunderstorms or Heavy Precipitation. Solid lines are surface pressure isobars at 2-mb intervals. Arrow

shows system movement.
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Figure 2-24c. 500-mb Contour Chart Over an Intense Cyprus Low With Severe Thunderstorms and Heavy
Precipitation. Dashed lines are isotherms (C) at 5-degree irtervals; solid lines are geopotential height (gpm) at
50-meter intervals.

Figure 2-24d. Surface Chart Depicting C)prus Low Position Beneath a Strong Mid-Level Trough With
Severe Thunderstorms and Heavy Precipitation. Solid lines are surface pressure isobars at 2-mb intervals.
Arrow shows system movement. Snow occurs when when this synoptic pattern is supplemented by extremely cold
low- and mid-level Asiatic air advection into the back of the primary low (see Figure 2-3). Although such events are
rare (the average is one every 5 yea.-t), they can occur in any given winter when synoptic conditions are favorable.
The snow in these events falls over the eastern Mediterranean coastal plain and in the hills and mountains behind the
primary cold front. Amounts at elevations above 500 feet (150 mneters) MSL can be slgnitlcant; Jerusalem got.Onearly 10 inches during a March 1960 storm.
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STORM TRACKS, From May to October. mid-latitude
storms ace very rare in the Mediterranean Sea. The mean
November storm tracks shown in Figure 2-25a reflect the 41
southward movement of the Polar Jet. Figure 2-25b
shows the December-February storm tracks as they affect
the eastern Mediterranean Sea, Figure 2-25c shows the
storm tracks that affect the region in March and April. -
Leeside troughing along the Atlas Mountains initiates
Atlas Low cyclogenesis inland over northwest Africa.

Figure 2-25b. Primary (solid arrow) and Secondary
(dashed arrow) Mid-Latitude Storm Tracks,
December, January, and February. Genoa and Cyprus
Lows are the main sources of cyclonic activity. Primary
tracks (solid arrows) pass ihrough the Gulf of Genoa and
eastern Mediterranean basin. The secondary track
(dashed line) is for Atlas Lows.

Figure 2-25a. Primary (solid arrow) and Secondary
(dashed arrow) Mid-Latitude Storm Tracks,
November. Most November cyclones affecting the
region are Genoa Lows that move ENE across southern
Europe. Most November cyclonic activity in the eastern
Mediterranean Sea involves secondary cyclogenesis
along active Genoa Low cold fronts.

S 20

Figure 2-25c. Primary (solid arrow) and Secondary
(dashed arrow) Mid-Latitudc Storm Tracks, March
and April. Atlas Lows produce ihe majority of
significant ,pring weather. Genoa Lows can also
develop in the Bay of Biscay along northern Spain and
western France, but these move ENE across southern
Europc.
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, AFRICAN WAVES originate over southern TROPICAL SQUALL ,INEIS develop in southern
Chad/Sudan at the 7(X)-mb level between 100 and 150 N Chad/Sudan during the summer and move westward at
from May to October. The trough is usually tilted 20-30 knots. The leading edge is often a sharply defined,
slightly--see Figure 2-26. 'These waves move from cast north-south arc that contains convective cells in various
1o west at 10-15 knots. Successive waves can develop stages ol gnwth; there are multiple outflow boundaries.
every 2 to 5 days, from 1,2(X) to 2,2(X) NM apart. Much The cirrus outflow merges into a solid shield. Three
controversy st'll surrounds wave genesis over Southern synoptic conditions are necessary for tropica( squall line
Chad/Sudan, but apparently the MTEJ creates a shearing development. They are (from Fortune, 1980):
environment, assisted by positive vorticity and latent heat
release. ,Shear and instability along the Intertropical

Discontinuity (ITD)
Very little weather is associated with these

disturbances before late June. Since moisture is limited, -The Monsoon Trough, which supplies large
weak troughs seldom produce more than an increase in amounts of moisture, is located between 150
mid-level cloud cover. In the weaker troughs, mid-level and 200 N
winds ire lighter than surface winds; convergence, cloud
cover, ard precipitation arc on the east side of the trJugh. ,Convergence is occurring through a deep layer

of the mid-troposphere.
By late July, the surface Monsoon Trough moves to

near 20" N, bringing more moisture into southern The tropical squall line is strictly a summertime
Chad/Sudan. The MTEJ is also well-established, phenomenon south of 16c N. There are two main
increasing the likelihoxxd for increased cloud differences between tropical squall lines and those of the
development and rainfall on the west, rather than on the mid-latitude type: (1) the anvil cloud extends behind

* east, side of the trough. Slight increases in surface wind (east) of the squall lines--not in front, and (2) new
speeds significantly increase convective development, convective squall lines develop to the west of the outflow
Wind speeds of 40 knots have been observed, boundary.

Intense downdrafts and outflow boundaries can
occur beneath individual convective cells. Cold
downdrafts cause rapid temperature decreases and can
raise large amounts of dust and sand into the air;
visibilities can be reduced to less than 1/2 mile. Brief
and intense rainfall is common, but coverage is
extremely variable. Downdraft speeds average 20 to 30
knots over flat terrain, increasing to 40 knots in the
Marrah Mountains of west-central Sudan.

In northeastern Chad, experienced American
meteorologists have observed squall line gusts in excess

,-,^ of' 50 knots with near-zero visibilities caused by dust and
sand. Strong north-south outflow boundaries vary from
5 to 150 NM in length.

Figure 2-27 shows a possible formation sequence of
- ,an African squall line. A common source is near Lake

"-,. (Chad, wherc additional moisture is available and where
easterly flow is channeled between the Tibesti and
"Marrah Mou ,ta:ns.

Figure 2-26. Basic Cloud and Wind Pattern with a
Tropical Wave (from Leroux, 1983). The trough axis
is shown by a dashed line. The solid line represents the
7(X)-mtr position of the lTD. Wind speeds are in knots.
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Figure 2-27. Formation of an African Squall Line (vertical cross-section) (from Hayward, 1987). The
sequence of diagrams fram A to E depict the dievelopmcent of an African squall line south of' the surface Monsoon
Trough. Shearing along the ITD creates waves along Ihe boundary. The blocking phase can be reached in thv,
presence of an active MTEJ. The easterly flow is forced to spread to the north and south, leading to the actual
thunderstorm line--a north-soulh &urc--when the mid-level flow br~aks through the lTID and reaches the surface.
Westerly fl".w is forced aloft, producing hcavy rain and thunderstorms. Easterly flow drives dhe storms west. i
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MESOSCALE AND LOCAL EFFECTS

LAND/SFA BREEZE. Differential surface heating "Frontal" land/sea breezes are the prxluct of the
along coasts generates this diurnal phenomencn. The "front" between land and sea air masses. The transition
marine boundary layer •mrely extends above 3,(00 feet for wind reversal is delayed by I to 4 hours as gradient
(915 meters) AGL or beyond 15 NM inland unless flow prevents the sea breeze boundary layer or "front"
augmented by synoptic flow; then it may reach 5,000 from moving ashore. Figure 2-29a-f shows a typical
feet (1,525 meters) ond extend up to 80 NM inland. In "frontal" land/sea breeze sequence. Solid blocks denote
general, sea breeze penetration reaches a maximurh by the land surface, while dashed lines represent water.
mid-afternoon. Nighttime land-sea temperature Vertical lines show the sea breeze boundary layci and
differences arc normally smaller; wiuu speeds are lower arrows represent wind circulation.
and maximnum offshore penetration is limited to 5 NM.
Sea breezes average 8-14 knots; land breezes average
4-8 knots. Two types of land/sea breezes are found along
the Mediterranean Coast: "common" and "frontal".

"Common" land/sea breezes affect all coastal areas of -

the Mediterranean and Aegean Seas. FigLare 2-28
illustrates the "common" land/sea breeze circulation Figure 2-29a. Gradient Flow With Offshore Wind
under calm conditions wish no topographic influences Component SloDes Gently Over Dense, Cooler
and a uniform coastline. Onshore (A) and offshore (B) Marine BoundAry Layer. Shearing action along the
flow intensifies in prcpordon to daily heat exchanges "front", or land-sea air mass interface, compacts the
between land and water. Common land/sea breezes layer. Gradient flow strength determines the magnitude, normally reverse at dawn and dusk. of compacting.

r ..............i -* --
H'IGH' LOW

Figure 2.29b. Increased Compacting Tightens
Pressure Gradient Along Land-Sea Interface. If the

S sgradient is weak, land surfaces heat rapidly. As a result,
the surface pressure gradient and winds resemble those in

ell, -Figure 2-29a.
fB•• . .__ , Night

LO W~~ HIGH

Land Breeze Figure 2-29c. Maximum Compacting of the Marine
Boundary Layer. At this instant, the surface winds

Figure 2-28. The "Common" Daytime Sea Breeze (A) inside the marine boundary layer show onshore direction.. and Nighttime Land Breeze (B). Thick arrows The marine layer surface flow may take several hours to
represent pressure gradient and direction of flow. reach tht. coast. Momentum accelerates wind speed with

time.
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stable conditions. The Nafusah and Akhdar Mountains
of Libya are prime locations for sea-breezc cumulus

4001,04j~jp•""-• -WNW mdevelopment regardless of the str-ngth of synoptic flow.

K e~l-z /.zj.•4z.. .,•z.. fEarly morning stratus and stratocumulus often
i-.B, J develop along the Libyan and Egyptian coastlines during

the land-sea breeze transition between 0700 and 0900
Figure 2-29d. Frontal Sea Breeze Accelerates LST. Cool air is produced through radiative cooling over
Towards Shore. Initial "frontal" sea breezes may land. After midnight, the land breeze pushes the cooler
sustain 20-knot winds for 15-45 minutes. air over the warmer water, and stratus forms by

condensation. Stratus and stratocumulus seldom form
above 5,000 feet (1,525 meters) or below 2,0(X) feet (610
meters). When the sea breeze develops at roughly 0800
LST, weak onshore flow moves the stratus and
stratocumulus over the coast. The stratus averages 500

Ssefeet (150 meters) thick and quickly burns off over land

by 1000 LST.
Figure 2-29e. Sea Breeze "Front" Reaches the Coast.
Note the increased depth of onshore flow in the marine MARINE INVERSIONS separate the marine boundary
boundary layer. Compare with Figure 2-29c. layer from the warmer, drier air aloft over the

Mediterranean coast. The marine layer normally extends
5 to 20 NM inland, but it can reach to 80 NM inland if
supported by the synoptic flow. The marine boundary

- mn. layer varies considerably in depth throughout the year.
This is particularly evident in the relative humidities

SLnd provided in Figures 2-30a-e for Mediterranean coastal W
stations. The marine air layer is cooler, moister, and

Figure 2-29f. Land/Sea Breeze Mechanism in Full stabler than the interior air masses, particularly along the
Swing. Offshore flow aloft, onshore flow at surface. desert coasts. The inversion is less pronounced during

summer at Izmir, Turkey, where there is enough moisture
The synoptic flow causes directional variations of to produce clouds, usually stratocumulus, but dry air

10-45 degrees and can increase or decrease wind speeds. aloft prevents any significant vertical development. In
With weak synoptic flow, the sea breeze triggers shallow winter, the marine boundary layer is uniform throughout
cumulus along the coast by late afternoon. Shoreline the fegion, extending above 5,000 feel (1,525 meters).
configuration and tepography can trigger orographic The lay.i- is very shallow daring th-. summer with
lifting, cloudiness, and precipitation under otherwise subsidence aloft.

FEET JAN FEB MAR APR MAY JUN JUL AUG SEP OCT MOV DEC

5,000 70 66 62 60 55 51 418 418 51 56 61 67

4,000 71 68 641 60 55 50 118 419 52 58 62 68

3,000 72 68 64 59 55 50 48 419 52 59 611 68

2,000 70 67 65 59 56 50 18 50 53 60 65 68

1,000 69 66 65 59 57 51 119 51 541 61 66 67

Figure 2-30a. Mean Monthly Relative Humidities for Izmir, Turkey.
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FEET JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

5,000 63 61 54 44 42 37 34 38 42 42 57 64

4,000 63 61 55 46 45 41 39 46 49 46 58 65

3,000 62 60 56 49 50 48 47 57 57 52 58 64

2,000 62 60 57 54 57 57 57 67 61 59 58 62

1,000 61 59 60 58 63 66 65 70 65 63 57 60

Figure 2-30b. Mean Monthly Relative Humidities for Beirut, Lebanon.

FEET JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

5,000 62 58 52 40 34 32 30 32 36 47 56 62

. 4,000 64 59 55 44 37 36 35 39 45 52 57 63

3,000 64 60 58 48 43 43 46 52 58 57 58 64

2,000 62 60 60 53 52 55 60 66 68 62 58 63

1,000 61 61 61 58 61 65 69 72 71 66 59 63

Figure 2-30c. Mean Monthly Relative Humidities for Bet Dagan, Israel.

FEET JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

5,000 59 52 49 41 36 36 36 38 42 49 56 60

4,000 60 54 51 43 39 38 39 41 46 53 58 62

3,000 60 56 53 47 42 42 44 47 52 58 59 63

2,000 60 58 56 52 48 43 52 55 58 61 61 62

1,000 59 60 60 58 58 58 64 65 64 63 61 61

Figure 2-30d. Mean Monthly Relative Humidities for Matruh, Egypt.
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FEET JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

5,000 63 56 48 38 32 32 35 38 44 51 57 62

4,000 66 58 51 41 34 35 40 42 47 53 60 63

3,000 68 61 54 45 38 40 46 48 52 55 60 6i

2,000 67 62 57 51 44 47 52 56 58 57 61 64

1,000 67 63 59 54 50 55 60 6;2 60 59 61 6 5

Figure 2-30e. Mean Monthly Relative Humidities for Banghazi, Libya. The reporting station is 2ý ?s M inland.

0
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* MOUNTAIN/VALLEY WINDS develop with fair Mesoqcale Mountaln/Valley Winds average 6-12
skies :and light and variable synoptic flow. 'Ihey arc knots. Daytime valley winds (Figure 2-31a) tire,
comnio, in the Turkish Taurus Mountains, the Jor(dan strongest (10-15 knots) between 650 and 1,3M) feet
Rift Valley, the Naftsah and Akhdar Mountains in (200-4(X) meters) AOL. Nighttime mountain winds
northern Libya, the Tibesti Motntains in northern Chad, (Figure 2-31b) average only 3-7 knots tit the sainc level.
and the Marredh Mountains and Ethiopian Highlanid Deep valleys develop more nocturnal cloud cover than
foothills of Sudan. There are two types of shallow valleys because nocturnal airflow convergence is
terrain-induced winds: the mesoscale mouutain/valley stronger. The mesoscale-valley circulation has a
wind, and the localized, microscale "slope" maximum vertical extent of 6,560 feet (2,000 meters)
(upslope/downslope) wind. The key differences lie in the AOL, depending on valley depth and width, the strength
temporal and spatial scales. of prevailing winds in the mid-troposphere, and the

breadth of microscale slopz winds.

40

200

Figure 2-31a. Typical Daytime Mountain/Valley Circulation (from Flohn, 1969).

00- 06h

400

Figure 2-31b. Typical Nighttime Mountain/Valley Circulation (from Flohn, 1969).
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Microwcale Slope Winds develop along the surface
WIiundary layer (0-5(X) feet/ 0-15(0 meters A6l.) of
mnountains and large hills. Mcan daytine upslope wind
speeds awe 6-8 knots; mean nighttime (lownslopC speeds
are 4-6 knots. These speeds are found at elevations no
higher than 130 feet (40 meters) AOL. Dtownslope
mountain winds are strongest between November and
March, while upslope valley winds are strongest between
April and October. Upslope winds are strongest on Figure 2-32c. MIDDAY. Sunshine covers the entire
slopes with southerly exposures. Figures 2-32a-h (from valley floor, and upslope flow feeds the valley
Geiger, 1961) show the life cycle of a typical circulation.
mountain/valley wind circulation. The light arrows
represent microscale circulation- the dark arrows,
mesoscale circulation.

Figure 2-32d. LATE AFTERNOON. East-facing
slopes begin to cool; upslope flow weakens.

Figure 2-32a. SUNRISE. Sunshine almost
immediately generates upslope wind development, but
the downslop mountain wind persists as mesoscale flow
overrides microscale flow. Generally the transition
between Figures 2-32a and b occurs between 0700 and
1000 LST, but local terrain determines how soon
sunlight can start the microscale upslope wind, which is
not fully developed until the entire valley surface is
heated enough to stop the mesoscale downslope
mountain wind. Figure 2-32e. SUNSET. Although microscale

downslope wind components dominate the surface
boundary layer, mesoscale upslope valley flow retains
w, ak momentum.

Figure 2-32b. MORNING, Widespread surface
heating continues to generate microscale upslope flow, Figure 2-32f. EVENING. Downslope winds dominate.
cutting off any downslope mountain circulation.
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speeds than if only one wind system were present.
Mountain inversions develop when cold air builds

up along wide valley floors where nighttime downslopc
wind convergence is weak. The cold air descends from
ithe slopes, undercutting warmer air in the valley and

forming an inversion. Moisture in the inversion layer
often traps smoke, or produces fog and thin stratus.

MOUNTAIN WAVES develop when air at lower levels
is forced up and over the windward sides of ridges;
turbulence is usually moderate to severc. Mid- and

Figure2-32g. MIDNIGHT. Downslopewindsifeed thc upper-level troughs in the westerlies may produce
mountain circulation. mountain waves in the ranges rimming the

Mediterranean Sea, as well as in the Tibesti Mountains in
northern Chad. The Ethiopian Highland's western

* foothills and the Marrah Mountains may pnrlucc
mountain wave turbulence during the summer with an

~ ~ ~';MTEJ present. Criteria for mountain wave formation
include sustained winds of 15-25 knots and flow within
30 degrees of perpendicular to the ridge.

Wavelength amplitude depends on wind speed and
lapse rate above the ridge. Light winds follow the

Figure 2-32h, PRE-DAWN. Winds are calm just contour of the ridge with little displacement above and
before surface heating begins at the microscale; the rapid damping beyond. Stronger winds displace air
mesoscale downslope mountain circulation retains its above the stable inversion layer; upward displacement of
momentum. Microscale downslope winds end just air can reach the tropopause. Downstream, the wave

before sunrise; upslope winds begin again at First light, propagates an average distance of 50 times the ridge
height. Lenticular clouds form in the lee waves. Rotor

Orographic uplift may accentuate mesoscale clouds form when there is a core of strong wind moving
mountain-valley convergence above 6,000-7,0XX) feet over the ridge, but only when the core does not exceed
(I,830-2,135 meters), producing short-lived convective 1.5 times the ridge height. Turbulence in rotor clouds is
cells. Mountain winds and land breezes flow in the same strongest due to the sudden directional shear. Figure
direction and work together where ranges such as the 2-33 shows a hilly developed lee wave system.
Akhdar Mountains parallel the coast. Valley winds and
sea breezes can also combine to create higher wind

ICE CLOUDS

500 6
WATER CLOUD

I l700 -

-MOUNTAIN WAVE , R.TOR CI ,"U,SCL!OUID • , ROTOR CLOUt}'"- " -W,,

IOO ... "'GROUND "/'/'"H/)-/)•••///////1•///

0 10km 20 km

Figure 2-33. Fully Developed Lee Wave System (from Wallace and Hobbs, 1977).
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6
DUSTSTORMS. Given the right conditions, duststorms between November and March. Only a 4- to 6-mb/100
are dominant features in and near the deserts of the NM surface pressure gradient is necessary to generate
region. Duststorms carry suspended particles over long dust-laden surface winds. These highs can produce
distances, often reducing visibility to less than 30 feet severe and widespread duststorm activity and are the
(10 meters). Season of occurrence, wind direction, most difficult to forecast. Although such situations are
amount of particulate matter, and duration vary by easy to recognize, precise locations (timing/areal extent)
locality. Large-scale duststorms often persist for 1 or 2 and severity are difficult to infer with so little data
days before a frontal passage (such as with an Atlas or available. Stagnant air aloft provides little ventilation to
Cyprus Low), or with a synoptic-scale squall line. remove the dust.
Mesoscale squall lines may reduce visibility to less than
1/2 mile for several minutes to an hour. Vehicles Local Surface Conditions--
crossing the sand break through the crust easily; even
light winds can raise dust. Sandstorms differ from Soil type and condition control the amount of particulate
duststorms only in the size of the suspended particles, matter that can be raised into the atmosphere. Dry sand
Sand is seldom raised to more than 3-6 feet (1-2 metcrs) or silt, for example, is easily lifted by 10-15 knot winds.
above the ground; particles settle quickly. Haze is a persistent feature of the sandy deserts. The fine

dust, sand, salt, or silt can be suspended for weeks and
Dust devils are miniature tornados, but their wind travel hundreds, even thousands, of miles from the

speeds are not as high. They are set off by intense source. Harmattan winds (which see) blow dust from the
summer heating. Diameters range from 10 to 300 feet Sahara into southern Chad. On rare occasion, the
(3-91 meters). Dust devils move at about 10 knots and particles can precipitate back to the surface as "mud
may last for I to 5 minutes. Visibilities are near zero in rain." Strong frontal passages can reduce visibilities to
the vortex, near zero.

The origin and nature of duststorms depend upon Seasonal Cons-derations--
general synoptic conditions, lecal surface conditions, and
diurnal/seasonal considerations, as shown below. October to March. Large areas of dust haze develop

when there is subsidence aloft and a lack of turbulent
Synoptic Conditions-- mixing. Most duststorms develop along frontal

boundaries. Synoptic scale winds of only 10-15 knots
Active cold fronts. From November to April, can lower visibility below 3 miles over 1,000 so NM for
duststorms may develop with frontal passages. Gusts of up to 12 hours.
15 to 20 knots are sufficient to lift dust and sand, but a
pressu'e gradient of 6 to 8 inb/100 NM produces April to September. Convection produces most
widespread duststorms. Strong fronts can increase the duststorms, but late-spring frontal systems, particularly
size of the area affected considerably, extending Atlas Lows, can also produce them. Local visibilities
southward to include Chad and Sudan. below 3 miles occur in areas where the soil is dry.

Convective activity. Convection produces local Diurnal Considerations--
downdrafts that commonly reach 30 knots, while squall
lines organize over a larger area to produce cloud bands Daytime. The lowest visibilities occur around 0900
up to 100 NM long and from 10 to 20 NM wide. LST, shortly after the inversion breaks and turbulent
Visibilities can be greatly reduced within minutes. surface mixing raises the dust. Distant tree tops can be
Convection associated with the Monsoon Trough in visible at this time, but their bases are obscured by the
southern Chad and Sudan frequently produces Haboobs dust haze. Daytime heating produces turbulent mixing in
(which see). the lowest layers. Hot, dry winds tmnsport dust aloft to

the base of the large-scale subsidence inversion over the
Stagnant Transitory High Surface Pressure. The Sahara. Persistent dryness allows dust to reach 10,000
Saharan and Saudi Arabian Highs normally strengthen feet (3,050 meters) MSL, where it can remain suspended
over the subtropics during extended fair weather periods for days or weeks.
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Nighttime. Cooler surface temperatures create stable SAND STREETS. Vast longitudinal dune formations,
conditions in the surface layer. Turbulent mixing is about 1-1/4 NM apart, create localized wind circulations
minimized; visibilities improve during the night and are in western Libya, Egypt, and northern Chad. They
best between 2000 and 0600 LST as the temperature parallel the mean wind direction. These dunes average
inversion produces light surface winds. The dust settles 60 to 160 feet (20-50 meters) high and 330 feet (100
beneath the inversion layer throughout the night; meters) wide. They vary from 1,000 feet (305 meters) to
visibilities improve to 4-7 miles. 100 NM long. Sand streets develop along the dune crest.

The three-dimensional circulation pattern is shown in
Figure 2-34.

. Figure 2-34. Three-Dimensional View of Longitudinal Vortices in the Boundary Layer (from Hanaa, 1969).
Southeast winds (dark arrow) may also develop roll vortices, but norlhwest flow (light arrow) is more common. The
roll vortex diameter approximales the thickness of the boundary layer.

Figurm 2-35 shows a cross-section of airflow over over dune crests, producing clouds whenever enough
successive dunes. For sand strets to form, there should moisture is present. Synoptic-scale streeting, however,
be little variation of wind direction with height, above requires large amounts of moisture to produce low-level
average wind speeds, unstable lapse rates near the clouds and is therefore rare. Only spring or fall frontal
surface, and an inversion above the convective layer. activity with rare surges of moist air ahead of the cold
Roll voitices, which parallel pr vailing airflow, converge front produces low-level cloud streets.

Cloud Cloud

Figure 2-35. Cross-Sectional View of Dune and Cloud Formation Mechanism (from Hanna,
1969). Cloud formation is unlikely when boundary layer air is extremely dry.
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WFT-BULB GLOBE TEMPERATURE (WBGT) A complete description of the WBGT heat stress
HEAT STRESS INDEX. The WBGT heat stress index index and the apparatus used to derive it is given in
provides values that can be used to calculate the effects Appendix A of TB MED 507, Prevention, Treatment and
of heat stress on individuals. WBGT is computed by Control of Heat Injury, July 1980, published by the
using the formula: Army, Navy, and Air Force. ]he physical activity

guidelines shown in Figure 2-36 are based on those used
WBGT = 0.7WB + 0.2BG + 0. 1DB by the three services. Note. that the wear of body armor

or NBC gear adds 100 F to the WBGT, and activity
where: WB = wet-bulb temperature should be adjusted accordingly.

BG = Vernon black-globe temperature
DB dry-bulb temperature Figures 2-37a-d give average maximum WBGTs for

January, April, July, and October. For more information,
see USAFETAC/TN-90/005, Wet-Bulb Globe Tempera-
ture, A Global Climatology.

WATER WORK/REST

WBGT (OF) REQUIREMENT INTERVAL ACTIVITY RESTRICTIONS

90-up 2 quarts/hour 20/40 Suspend all strenuous exercise.

88-90 1.5-2 quarts/hotr 30/30 No heavy exercise for troops with less than 12
weeks hot weather training.

85-88 1-1.5 quarLs/hour 45/15 No heavy exercise for unacclimated troops,

no classes in sun, continue moderate trainnig
3rd week.

82-85 .5-1 quart/hour 50/10 Use discretion in planning heavy exercise for

unacclimated personnel.

75-82 .5 quart/hour 50/10 Caution: Extremely intense exertion may cause
hent injury.

Figure 2.36. WIIUT Heat Stress Index Activity Guidelines.
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* REGIONAL WINDS

Local mctcorologists and laymen commonly refer to During intense, Khamnsin conditions, winds average
certain surface windls by their local names rather than by 20-30) knots ahead of' the front and 15-30 knots behind.
thie synoptic conditions causing them. T'hese winds5 Temnperatures are normally 20* F (I1 C) lower behind
produce moderate to severe duststorms, low visibilities, the front, and relative humnidities rise from 10-15% to
and strong gusts over portions of the Mediterraniean coart 25-30%. Khamnsins last for I to 3 days, but slow-n~oving
and Northeast Africa. They affect areas ranging in size Atlas Lows may produce widespread dust conditions that
from 5(Q) to 1(X),(XX) sq NM. The following sections persist up to 10 days.
dlescribe the most common local winds and their causes.

Khamsin visibilities are 1/4 io 3 miles; the-,' vary
KHAMSIN. The Arabic word means "Fifty," referring both diuernally and spasonally. Turbulent mixing keeps
to the 50 dlays after Coptic Easter when this hot and dry visibilities :ow in the daytime. Duststorms restrict
southerly wind occurs. In Libya, the Khanisin is called visibilities for 5-8 hours, usually until several hours after
the "Ohibli."' The Sharav and Sirocco are similar suinset, when rapid cooling at the surface forms a
meteorologically and are discussed later. Although they radiaticn inversion that caps airborne dust. Visibilities
can occur anytime between February and June, Khamnsins improve to 3-6 miles, Wind speeds of more than 30
are most frequent during March and April. Khamsin knots prevent formation of the inversion. Wintcr
conditions (hot, extremely dry southerly surface winds, Khamnsin duststorms are less severe than in the spring or
low visibility, and thick dust) develop when Atlas Lows early summeinr.
mouve eastward over the dry Sahara.

7 ~ ~ V'-

50N
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"True" Khamsin conditions occur within an Deep, slow-moving Adas Lows moving eastward
elongated oval area located parallel to the cold Iront (the over the central Sahara (Figure 2-39) produce
hatched area under the low in Figure 2-38). Egyptian "embedded" Khamsin conditions. In the hatched areas,
meteorologists define a "true" Khamsin as "any there is widespread dust andi 3- to 6-mile visibilities, but
low-pressure system that approaches Cairo, Egypt, from soil conditions determine the actual sire of the affected
the west or southwest producing 15 to 25 knot area. Dust is normally less severe to the north of the
southeasterly surface winds." These winds are always low-pressure system. If the Atlas Low turns
hot and extremely dry. The northwesterly flow behind northeastward at 300 E, southeasterlies intensify
the front also produces widespread duststorm activity; Khamsin conditions along the Nile River Valley between
this is not a "true" Khainsin, but locals will probably use Luxor and Wadi Halfa.
the term to describe it anyway.

I ~~Cairo...j
I

-is

S. ,-go.

II

• !Fashe "

/'' /

Figure 2-39. Khamnsin-Type Conditions Associated With a Rare Fastward-Moving Atlas
Low. Cross-hatched zone represents "true" Kharnsin conditions; hatched areas denote widespread
duststorm activity.
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SHARAV. This is a hot, dry, and dusty wind that occurs Strong Mharav cond'tions occur most commonly. with lows over the eastern Mediterranean Sea. with deseil air moving northward in the warm air sector
Transition periods, primarily May and October, have the of Atlas Lows or stalled Cyprus Lows. Figure 2-40
highest o.ccurrence of Sharavs, which seldom occur from shows the normal desert low path that produces Sharav
June to September. conditionis. The most severe Sharavs occur when the

surface low moves due east over the Sinai Peninsula,
Sharavs are not identified by direction--even though then turns northeast. If the upper-level trough slows

they're usually associated with east to southwest down and deepens, the low may turn northeast early
winds--but by relative humidity and temperature change. enough to cross the eastern Medilerranean Sea and
Specifically, the Sharav is defined by a temperature prevent strong Sharav conditions along the eastern coast.
increase of at least 90 F (50 C) and a relative humidity
decrease of at least 25% from the mean of the previous 5 Other synoptic condi.ions can produce Shaeav
days, Sharav air temperatures often reach 1040 F (400 winds. For example., 9 trough over the Red Sea or
C) and sometimes exceed 1200 F (490 C). In the Hills of persistent high-pressure east of Israel can advzct hot, dry
Judea, strong Sharavs can drop relative humidity to desert air in from the Arabian Desert. Stagnant high
below 10%. pressure is the most favorable condition for persistent

Sharav conditions, which can last for 2-4 days.

•6

Figure 2-40. Active Storm Track For Sharav Winds. The hatched ,wz-a represemts
strong southerly flow where the most severe Sharav conditions occur. The d&:she4
arrow depicts typical storm track movement. Temperatures arc 'C.
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SIROCCO winds are similar to Kharsin and Sharav Siroccos, most common in the spring, can develop
winds in that they, too, are hot and dry southerly or with Adas, Genoa, or Cyprus Lows. The storm track
southeasterly winds in the warm sectors of advancing determines severity end location. With a deep
lows. Air from the deserts of northern Africa, Israel, or upper-level trough, the low moves northeast over the
Syria is advected into southern Turkey. Temperatures eastern Mediterranean Sea, as shown in Figure 2-41.
are over 1000 F (380 C) and relative humidities drop Southerly winds average 15-25 knots and persist for I to
below 30%. The strong southerly winds normally 6 hours. Peak gusts are 30 to 45 knots. After the low
transport Saharan dust to 6,000-7,0()0 feet (1,830-2,130 passes, cold northerly flow drops temperatures as much
meters). as 300 F (170 C); relative humidities can increase to 80%

within 2-3 hours.

Figure 2-41. Deep Trough Producing Sirocco Winds. Dashed arrow depicts typical
storm track movement. Temperatures are 0C.
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HARMATTAN winds are dry, dust-bearing winter is I'orced allt, hul slant-range visibilities are lower.
northeasterlies. They originate in the Sahara as outflow Horizontal visibilities average 3-6 miles; slant-range.
from the Saharan and Azores Highs and average 8-12 only 1-3 miles.
knots over Africa during the winter. In combination with
the dry, dust-laden air, they p~roduce "Harmnittan Hlaze." lIarmaltan episodes occur behind inte'se cold .I iols,
Severe Harmattan episodes occur behind strong cold mainly from Atlas Lows, when nlow from the Saharan
fronts with winds reaching 30-45 knots. Turbulent High is northeasterly at 30-45 knots. Northern ('had and
surface mixing produces a thick dust haze that normally western Sudan experience three to live strong Harmattan
reaches 1,(X0) leet (305 meters) AGL, but that can reach episodes from January to May. Central and eastern
10,0()-112,(XW) feet (3,050-3,660 meters) MSL and Sudan also see Harmattan winds, but less frequently.
extend southward to 50 N. Severe duststormns, extremely low visibility, and high

winds occur for 12 to 24 hours. Figurc 2-42 shows the
Harmattan Haze can persist for extended periods. area affected by a strong Harmattan (hatched area) in

Dust that reaches tire surface Monsoon Trough is lifted relation to the Saharan High and the remnant of the cold
over it along the ITD because the dry, dust-laden air is front (a shear line). Figures 2-43a and b show a
warmer and less dense. Horizontal visibilities actually Harmattan episode over Northeast Africa.
increase south of the Monsoon Trough as the (lust layer

-20*N H

20*E 30*E

Figure 2-42. Regional Harmattan. The hatched area shows the location of the
widespread dust in relation to the Saharan High. The solid line is the shear line
extending from the active from .al system.
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.44

F~iguire 2-43ai. IE~rEOSAT Imagery of Hlarm attan -Produced Duststorln Over Chad and Sudan (6 Mlarch

1991, 1030Z). The most severe (luststorins are southwest of' Khartoumn, Sudan, andI in west-central Chad. The

clOJloiflC.ss extending across Saudci Arabia and Ethiopia into southern Sudan is from the cold front/shear line that

movedl through earlier. Satellite photo couirte~sy NOAA/NESDIS.
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The HABOOB of northern and centwil Sudan is a strong produce "walls of dust" and debris in advance of the
wind with sandstorms or duststorms produced by storm cell and precipitation. These "walls" may be
individual thunderstorms or squall lines. The name is several hundred feet high and 1.2 NM across. Figure
from 'bc Arabic habb meaning "wind." Convective 2-44 shows the area in which Haboobs frequently
downbursts, micrmbursts, wid outflow boundaries develop.

E

0 00

Figure 2-44. Source Region For "Haboob" Development (from Hammer, 1970). Each dot
represents the initial development of cumulus clouds from July to September of 1964 and 1965.
Development usually begins between 1000 and 1 300L. Convection develops to the southeast and
west of Khartoum primarily due to available moisture. The watei system feeding into the Nile
River flows through Khartoum from the southeast. Over 80% of all Haboobs at Khartoum
approach the Nile River Valley from the southeast quadrant.

Haboobs occur mainly during the summer with the was recorded at Khartoum, Sudan. Wind direction is
presence of the Monsoon Trough. Peak frequency is in typically south to scutheast because Haboobs are more
June, normally in the afternoon. These "walls of dust" likely to occur in the dry dust of the Sahara on the north
move rapidly ahead of the storm cell. Figure 2-8b is a side of the Monsoon Trough Suspended dust from these
satellite view of a Haboob moving northeast from events have been observed at over 15,000 feet (4,570
Monsoon Trough convection. Spring and early summer meters). Normal thunderstorm hazards are present.
Haboob conditions last 1/2 to 2 hours; those generated Rainfall actually improves visibility as heavy rain
after mid-June seldom persist for more than 15 minutes removes the dust.
because the soil is more moist.

Lov -level moisture is available south of the
Weather in a Haboob is severe. Visibilities ait Mornson Trough; however, a northward surge in the

usually less than 1/8 NM within the "wall of dust." su"fac' Monsoon Trough is needed to increase the 700
Winds average 25 to 50 knots; a peak gust of 105 knots mb moisture, generally to 40% or greater to sustain
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convective, activi'.y and gcnerate a Haboob. These and frequency peak in July and August when speeds
northward surges are more likely to occur in the early occasionally reach 30 knots. Speeds arc normally
part of the wet season as the Monsoon Tiough moves persistent at 10-15 knots, but higher speed: result from
inlo the arca. Low-level moisture availability, channeling thrnugh the islands ear the Turkish coast.
o.-ographic lifting along the Ethiopian Highlands, and the The northerly Etesians normally extend up to 6,5(X) le't
MTEJ all contribute to Haboob development. (1,980 meters) MSL, with peak winds around 3,3(X) feet

(1,000 meters) MSL. Rare northeasterly winds over
ETESIAN winds are northerlies that occur from May Libya suggest that Etesian winds may occasionally
through October and affect the coastlines of western and penetrate that far. An Etesian regime is established after
southern Turkey, Syria, and Israel. The Anatolian a cold front moves through to the southeast. Although
Plateau Thermal Trough and high pressure over the Etesian winds normally produce good weather, they
Balkans combine to produce those steady northerly occasionally bring in clouds or produce duststorms
winds that can persist for 5 days. Etesian wind strength where they cross a dry desert.

0
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Chapter 3

THE TURKISH COAST

"The Turkish Coast region comprises 1he western arid southern Turkish coasts below the 3,280-foKot i 1,(EX) meter)
contour. The Mediterranean and Aegean Seas form its southern and western boundaries. After discussing the area's
situation and relief, this chapter discusses "general weather conditions" by season.

Page

Situation and Relief ...................................................................................................................... 3-2

W inter--December.-February .................................................................................................... 3-6

General W eather............................................................................................................. 3-6
Sky Cover ..................................................................................................................... 3-6
V isib ility ....... ............................................. ..................................................................... 3-7
W in d s ............................................................................................................ .................. 3-8
Precipitation .................................................................................................................. 3-10
Tcmperaiure ................................................................................................................... 3-13

Spring--M arch-M ay .................................................................................................................. 3-14
General W eather ........................................................................................................... .. -14

S k y C o ver ..................................... .............................. ......................................... ........ 3 -14
Visibility ................................................. 3-15

W in d s ....................................................................................................... ..................... 3 -15
Precipitation ................................................................................................................. 3-16
Temperature ............................................. 3-18

Summer--June-August ............................................................................................................... 3-19
General W eather ............................................................................................................ 3-19
Sky Cover ...................................................................................................................... 3-19

V isib ility ................................................................... ................................................... 1 20
W inds ............................................................................................................ 3-20
Precipitation ............................................... 3-21
T em pe rature ....................................................................................................... . . . 3 -21

FalI-Septem ber-Novem ber .......................................... 1-24
General W eather ......................................... ... 1-24

S k y ('o ve r ........................................................ ........................ . . .................. . . . ... -24

Visibility ........................................................ 3-25

W inds ...................................................... ....... 125
P re c ip ita tio n ......... ................................................................................................ . . . 1- 2 .

Temperature ...................................................... ..- 2.

3-1



THE TURKISH COAST SITUATION AND RELIEF

GElOGRAPHY. As shown in Figure 3-Ia, the Turkish boundary to the 3,280-foot (IX)0-meter) contour at
Coast region extends from the southern coast of the Sea Bursa. Ile boundary follows this contour south, then
or Marmara south, then eas~t to the Turkey/Syria border. east to the Turkey/Syria border, and thence along the
It includes the coasts of the Sea of Marmara, the Aegean border to the Mediterranean coast. Climatological data
Sea, and the Mediterranean Sea to the 3,280-root (1,0(X)O suinmaiies for selected stations are provided by Figure
meter) contour. Its northern boundary runs from the 3-1b; inforniation for other stationi is available in
Dardenelles along the Sea of Marniara's southern coast USAFETAC/DS-89/035, Station Climatic Summaries,
to the town of Mudanya. A straight line joins the Asia.

Bulgaria

Med err Blsack Sea

Tu.~y o heTurkey/yibrdr
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THE TURKISH COAST SITUATION AND RELIEF
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Figure 3-lb. Ciimatolopirul Summaries for Selected Stations on the Turkish Coast. These
summaries are based on sve.ral references covering differcnt periods of record from 10 to 50
years.
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THE TURKISH COAST SITUATION AND RELIEF
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"THE TURKISH COAST
WINTER December-February

,(;ENERAL WEATHER. Genoa and Cyprus Lows inland with Ihe sea breeze and form stratocumulus along

affect the Turkish Coast region cvcry 3 to 7 days, causing seaward-facing slopes. Heating and orographic uplift

heavy rainfall, thunderstorms, and/or srow. The Asiatic further enhance cumulus development over ridges until

High causes northeasterly flow into the Sea of Marmara. cloud tops reach 13,(X)0 feet (3,960 meters) MSL. The

Scverely cold air masses move south from the Asiatic stratus along the Sea of Marmara coast is lower duc to

High once or twice a winter, the persistent cold onshore flow; bases are 2(9) to I,(XX)

feet (60 to 305 mcters), and tops are 4,0(X) feet (1,220

SKY COVER. Nocturnal stratus forms during fair meters) MSL. As shown in Figure 3-3, ceilings below

weather off the Aegean and Mediterran'ean coasts. Bases 3,(X)W feet (915 meters) occur most frequently near the

,.rc 3,(XX) to 5,(XX) feet (915 to 1,525 meters) tops extend Sea of Marmara, and inland of the Aegean coast.

to 7,(XX) feet (2,135 meters) MSL. These clouds blow

am& o

Canakkale 3,
05 1 17 * 2 Hour:O5I1I117LST

Bal. easr

D'"" 01 2 it less than 0.5%

0 01 111

21 2• • 3 Turkey

IHU la 
o

li-tal a-0 111

Bo0drum

I[1--• 2 Iskenderun

.Slifke 01 1 2
36N 05 1

2 7 6. WMediterranean Sea 3 30

Figure 3-3. Mean Winter Frequencies of Ceilings Below 3,000 Feet (915 meters), Turkish Coast.
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"THE TURKISH COAST
WINTER Deomber-February

Mean cloudiness reaches its peak (luring winter, cirrus occurs near jet streams and ýrom thunderstorm
mostly due to transitory lows. Cloudiness inland of the blow-off. Bases are above 18,000 feet (5,485 meters)
Aegean coast and near the Sea of Marmara averages and tops are as high as 40,000 feet (12 kin).
(,S.75%, while the Mediterranean coast averages
5044)%. Lows moving along the southern Turkish coast VISIBILITY. Fog is common throughout the region in
produce dense cloud cover about 14 times each winter, winter, especially along the Aegean fea and Sea of
Orographically lifted stratus or stratocumulus hide thick Marmara coasts where visibilities belo'./ 3 miles are most
layers of mid- and upper-level cloud cover from a common. Radiation fog forms in fair weather with light
ground-based observer. Bases are normally between winds between 0600 and 0800 LST, but normally
2,50()0 and 4,(XX) feet (760 and 1,220 meters), but may be dissipates by 1300 LST. Sea fogs move inland with the
as low as 1,500 feet (455 meters). Tops of layered clouds sc breeze or strong synoptic flow, occasionally lasting
(xicnd( to 20,000 feet (6 kin) MSL. for days and extending well inland through the mountain

valleys. Stratus obscures the higher ridges.
Lows moving into the Black Sea spread fewer clouds

o.ver the region than the lows that move along the Low visibilities along the Mediterranean Coast are
southern Turkish coast. Warm sector stratocumulus and produced by precipitation. Steady rain, drizzle, or even
cold front cuuinil:s are the main low-level cloud types. snow reduces visibility to below 7 miles; with fog, to
Bases are between 3,(XJO and 4,(XX) feet (915 and 1,220 below 3 miles. Snow can reduce visibility to below a
meters). Considerable mid- and high-level clouds may mile. Heavy rain showers and thunderstorms (in the
also he present with tops to 18,0(X) feet (5,485 meters) wann sector or with cold fronts) can lower visibilities to
MSL. With either type of low, ceilings can go below between 2 and 6 miles for brief periods.
500 feet (150 meters) with heavy precipitation. Thin

400"N Band!
Canakkale 05 1 17
01 _17- .1 llour:05111117LST

Balik sar
<[ 0 11is 

less than 0.5%

051 11 11127

"0 ]Lsene Turkey

"01 M 1 71

-~ ~ 2.• 5eierna Se 7 117 I
~OT 01 0 05111117

V ~~051 11 1H7 V4
360N 27Editerranean Sea 33°E

Figure 3-4. Mean Winter Frequencies of Visibilities Beic ,,,' 3 Niles, Turkish Coast.
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THE TURKISH COAST
WINTER December-February

Strong southerly winds or siroccos ahead of vcry deep variabilities in speed and direction shown in Figure 3-5.
lows suspend large amounts of dust from the Sahara. The plateaus are large-scale sources of cold air; they
This dust lowers visibilities to less than a mile about provide valleys with cold air drainage throughout the
once a winter. It is common to observe a reddish haze day. This is most striking at Silifke, where an extensive
aloflt at 2A),(XX)0-1oot (6-kin) MS[,. Surface haze rarely valley system extending to the northwest dominates
reduces visibility to below 3 miles, but it is olten winds.
reporled at Izmir in the 3-6 mile range. Haze and fog are
common there because its fjord-like inlet traps pollution The land/sea breeze circulation affects most of the
an(l marine moisture under a low-level inversion with coast. Large-scale outflow from the Asiatic High
high-pressure stagnation. Smoke is a rare source of generates persistent northeasterly surface How along the
obscuration, but it is observed most frequently along the Sea of Marmara's southeastern coasts. Northeasterly
Sea of Marmara coast to an area south of Balikesar; flow converges with westerlies near 400 N, while the
visibility rarely drops to less than 3 miles. northeasterlies curl southward around the plateau and

into the northern Aegean Sea. Mean speeds are 5 to 10
WINDS. The extensive river valleys and mountain knots; the northeasterlies are stronger at 7 to 13 knots.
ranges along the Anatolian Plateau generate strong The highest recorded wind speed (56 knots from the
mountain/valley circulations. These mountains, NNW at Antalya) was due to an exceptionally strong
combined with a very irregular coastline, cause the high low.

Ce akcal e

Turkey

P.F,cgflt Freq20%c

SilifteAdana
Bodrii~ Antailya

Iskenderun

Figure 3-5. January Surface Wind Roses, Turkish Coast.
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THE TURKISH COAST
WINTER December-February

Above 85(0 ,rib, the prevailing synoptic flow is ridge separ,.Ie~s it from the coast and affects its 3,(X00-foot
westedy at 20 knots. Figures 3-6a-b give upper-air wind winds. Winds above ibis klvel arC probably

uir•cdions at three levels. Isparwa is in the Atlas rzprescntativc of the Medittrrancan coast's
Mountains just north of the region at an elevation of predominantly westerly flow. Maximum spedJs of 6()
3,270 feet (997 meters), An 8,000-fool (2,440mncter) knots are found around 35,000 feet (10.5 lIn).
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Figure 3-6a. Mean Annual Upper-Air Wind Directions, Isparta, Turkey.
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THE TURKISH COAST
WINTER December-February

,PRECIPITATION. As shown inl Figuie 3-7, the western Turkish Coast. Cyprus Lows do not affect
precipitation is greatest in early winter; in December, I11 this area, and 80% or lows which do affect it move
inches (280 mm) of rain (alls along the southwest quickly into the Black Sea, where they bring rain for 2
Tu~rkish coast, which is affected by both Genoa and days or less. Figures 3-8a-b illustrate, those situations
Cyprus Lows. Precipitation amounts decrease frorm west that cause the heaviest precipitation. Lighter
to east ailong the sotuthern Turkish coast as fewer Cyprus precipitation occurs with lows tracking along the North
lows penetrate eastward into the, Gulf of Iskenderon. African Coast.
Mean precipitation also decreases south to north along

CanakKale Mnh eiaie

DeeIJnIFeb_____Lke Inches: ... I ... I..
Dec I Ja-n IFeb

Iskenderun

1ý' 4. D-ec J-an I Feb Turkey3- 501.

5__15. Anasur Adana
it% Deo 7Jan ]-Feb DecJan IFeb DcJi e

Dece~ Feb~eb

27"E MedItG(,STneafl Sea 330E 138-1.

Figure '7. NMeao Winter olonthly Precipitation, Turkish Coast.
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THE TURKISH COAST
WINTER Dcmmber-Febnary

ON tNAUTIC~AL MJLES1

Figure. 30t A3ao0 rc o evyPeiiainaogtE WsenTrihCat

Figure 3-8b. A Favored Track for Heavy Precipitation along the Wsothern Turkish Coast.
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THE TURKISH COAST
WINTER December-February

Snow falls on less than I day a year along the Winter thunderstorms are associated with cold fronts,
Mediterranean coast. It is more common al.ng the most frequently along the southwest Turkish coast,
Aegean coast, where it falls on 5-10 days a winter, which sees 15 to 20 thunderstorm days. The average
normally above the 3,(XX)-f(x)t (915-meter) level. Snow drops away from this area, with 9 thunderstorm days il
falls about 13 days a winter in the plains and hills just the cast and 3 to 6 (lays in the north. Tops do no(
south of the Sea of Marmara. normally exceed 40,(X0) feet (12 kin) MSL.

--- : • -Sea of

40-1 . JanIFeb
'Dec I Jan I Feb

,DecJanFeb.
2-1 2 alike3ar Month: Dec IJanIFeb

Dec IJanlFeb # Storms:... ... I...

11.!J 1 is less than 0.5 days

zmi r
.DecIJanlFeb

I Itutaya. Adana"rt e.t•..Deo Jan'iFeb D,,'I clJan IFeb

36 0N A

270°• Mediterranean Sea 33°E

Figure 3-9. Mean Winter Thunderstorm Days, Turkish Coast.
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THE TURKISH COAST
WINTER December-February

TEMPERATURE. Winters are mild. Mean daily cold air affects the region. Temperatures are well below
highs, as shown in Figure 3-10, are between 47 and 640 freezing even after air warms adiabatically as it descends
F (8 and 180 C). Temperatures aie lower near the Sea of the Anatolian Plateau and mixes with wanner maritime
Mamiara. Record highs range from 690 F (210 C) at air from the coast. Examples are the record lows of -80 F
Mugla to 810 F (270 C) at Silifke, along the (220 C) at Balikesar, 60 F (-140 C) at Antioch and 260 F
Mediterranean coast. Daily lows range from 33 to 500 F (-30 C) at Iskenderun.
(I to 100 C). When the Asiatic High is strong, bitterly

Ona , ae r eMonth: Dec i Jan [Feb
eanakkale .Oe- Jarn _ Mean Max:.j. t .

Dec Jan Fe *recit 152 Mean Min:..I I... I.
V1~~ ZF 13 i 5 2

SŽJ Turkey

SDe Jani Feb Anamur
_IZr_ 55 _L5 Deo I Jan Feb

=Dec Janj~eb !Ž3W- -
5•4 151 55 Antal50 4T7 17 Ada~

D* Jan~eb be

De0 Jan Veb . 15kend 15
36 0 1

Mediterranean Sea

Figure 3-10. Mean Winter Daily Maximum/Minimum Temperatures (F), Turkish Coast.
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THE TURKISH COAST
SPRING March-May

GENERAL WEATHER. As the Azores High ranges. Fair-weather morning stratus forms along the
W strengthens and moves north, favored areas for northern coast; bases are between 400 and 1,0(X) feet

cyclogenesis shift from the Mediterranean to the Atlas (120 and 305 meters) and ops are below 1,500 feet (450
Mountains in North Africa. Atlas Lows, which typically meters) MSL.
move over the eastern Mediterranean and into the Sea of
Mannara, bring drier ai- to the Turkish Coast; wind The cloudiest days on the Mediterranear coast occur
speeds are 10 to 15 knots stronger, when a March Genoa Low or an April-May Atlas Low

moves through the eastern Mediterranean basin.
SKY COVER. There is a gradual decrease in cloud Multilayered clouds form, with bases as low as 1,000
cover during the spring. March cloud cover patterns are feet (305 meters) and tops to 45,000 feet (13.5 km) MSL.
similar to winter's, but by mid-May, mean cloudiness Atlas Lows that travel northeastward into the Black Sea
decreases by almost 25%. As shown in Figure 3-11, and the Soviet Union are relatively cloud-free. Cumulus
northwestern locations have higher frequencies of and cumulonimbus, with 2,500- to 4,000-foot (760- to
ceilings below 3,000 feet (915 meters) because they are 1,220-meter) bases and 25,000-foot (7.5-km) MSL tops,
exposed to moist northeasterly flow that produces stratus. form -head of and along the cold front. Stratocumulus
Diurnal stratocumulus and cumulus are common during forms in the warm sector as North African air moves
fair weather periods, when bases are between 2,500 and over the Mediterranean Sea and thickens due to
4,000 feet (760 and 1,220 meters) and less than 2,000 orographic uplift along the western Taurus Mountains.
feet (610 meters) thick. Stratocumulus forms when cold Bases range from 2,500 to 4,000 feet (760 to 1,220
air drainage from the Anatolian Plateau moves over meters); tops are less than 6,000 feet (1,830 meters)
warmer coastal waters. After sunrise, the sea breeze MSL. Mid- and upper-level clouds occur when an
reverses the flow; the stratocumulus moves inland and upper-level trough imposes itself on the Atlas Low.
develops into fair-weather cumulus. Orographic uplift Extremely low ceilings (500 feet/150 meters) occur
produce,. cumulus along the windward ridges of coastal during heavy showers and thunderstorms.
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Figure 3-11. Mean Spring Frequencies of Ceilings Below 3,000 Feet (915 neeters), Turkish Coast.
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THE TURKISH COAST
SPRING March-May

VISIBILITY. The effects of migratory lows on fog and Precipitation restricts visibility in spring, but less
precipitation intensity weaken steadily. Frequencies of frequei:tly by May. Genoa or Atlas Lows that track
visibilities below 7 miles decrease; fog is the primary through the eastern Mediterranean basin usually produce
visibility restriction. Radiation fog forms between 0500 3- to 7-mile visibilities in steady rain or drizzle.
and 1200 LST with light winds and stagnant high Visibilities can go below 3 miles if precipitation
pressure; visibility is below 3 miles if enough moisture is combines with fog. Rare spring snow squalls can reduce
present. Sea fog is possible in early spring, but is less visibility to less than a mile. Heavy rain showers and
frequent when sea surface temperatures rise by late May thunderstorms along cold fronts or in the sea breeze
Sea fogs develop near the Mannara and northern Aegean convergence can lower visibi!ities to 3 miles for brief
Sea coasts and can persist until the prevailing synoptic periods. Most visibilities below 3 miles occur along the
flow clears out the stagnant air mass. Thick fog may Sea of Marmara coast and inland from the Aegean coast,
form ahead of warm fronts or behind cold fronts when as shown in Figure 3-12. Southern Turkey ,arely sees
temperature changes are abrupt and the air masses are visibilities below 3 miles.
moist, bui visibilities rarely drop below 3 miles. Thin
stratus obscures higher ridges.
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Figure 3-12. Mean Spring Frequencies of Visibilities Below 3 Miles, Turkish Coast.

Dust, haze, and smoke are rare. but southerly fk)w and smoke reduces visibility to 3 to 6 miles only when
from Atlas Lows brings in dust from North Africa on I enhanced by local topography and urbanization. Haze is
or 2 days each spring. Blowing dust from intense Atlas common at lzmir, on a fjord-like inlet. Smoke, which
Lows may lower visibilities to less than a mile. DLst accumulates under inversions in stagnant air masses, is
aloft can remain suspended for several hours up to common in the industial and agricultural areas between
20,(XX) feet (6 kin) MSL, producing a reddish haze, the Sea of Marmara and Balikesar.
Rainfall mixing with this haze causes "red rains." Haze
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THE TURKISH COAST
SPRING March-May

, WINDS. Flow is consistently southwesterly at 5 to 10 Marmara, whore Asiatic High outflow still dmninatiS.
knots except on the immediate Sea of Marmara coast, Figure 3-13 provides April surfacc wind rosies.
where winds are northeasterly at 8 to 13 knots. Winds are
strongest in March Siroccos, when speeds up to 55 knots The springtime winds aloft shown in Figurc 3-6 shift
are possible. Large-scale warming on the Anatolian to summer's northwesterly flow by May between 5,000
Plateau lessens ccld air drainage and mountain wind and 20,000 feet (1,525 and 6,100 meters) MSL. Peak
strength. Land/sea and mountain/valley breezes are speeds (40 to 50 knots) are near 35,000 feet (10.5 km)
well-defined during spring except along the Sea of MSL.
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THE TURKISH COAST
SPRING March-May

PIRE(IPITAT'ION. As the Genoa Low storm track Genoa or Atlas Lo,-s tracking along the Mediterranean
gradually migrates northward, mean precipitation coast produce heavy rain, drizzle, or evCn snow.
decreases across the area, as shown in Figure 3-14.
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Figure 3-14. Mean Spring Monthly Precipitation, Turkish Coast.
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THE TURKISH COAST
SPRING March-May

Sllie Cntle rlegion av(-r~ges between 3 and I I spring half or more of their spring thundcrstorm days in May.
thundcrstorm days, as shown in Figure '3-15. Thuad(er.. T1e strong winds from Atlas Lows in(duce orographic
storm frequency incicases to a yearly n-iiximnum in May showers and thunderstorms newr the Taurus MounUwins.
or early June as intense surfa c h:ating enhances Rain showers and ihundcoitorms inny formt along Ihe
fi'ontally produced thunderstorms. Many stations record sca-lrce'.c front.
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Figure 3-15. Mean Spring Thunderstorm Days, Turkish Coast.
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THE TURKISH COAST
SPRING March-May

'I' 1MiJRATURF. Mean daily highs, given in Figure temperatures may persist for I to 3 (lays. Mean daily
3-16, ringe from 54 to 810 F (12 to 270 C). Highest lows range from the high 30's 0 F (30 C) to the low 60'sW
Icnlwp'ralurvs (93' F/34 0 C at. Canakkale and IO° F/ F (160 C). Temperatures are. seldom below freezing aficr
430 C at Antioch) occur in May. Temperatures can rise mid-April. Record lows include 170 F (-8" C) at
suddenly into the 90's0 F (32 to 340 C) in late March Canakkale, 340 F (10 C) at Anamur, an.1 230 F (-50 C) at
when an Atlas Low brings extremely hot and dry Saharan Adana.
air (Sirocco) into the region; extremely high
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Figure 3-16. Mean Spring Daily Maximum/Minimum Temperatures (F), Turkish Coast.
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THE TURKISH COAST
SUMMER June-August

,(ENE.RAL WEATHER. Weak cyclonic activity, from morning stratus with bases at 20() to 1,000 fec! (60
diurnal convection, and the Etesian winds are now in to 305 meters), and is seldom more than 300 feet (90
control. Although the summer storm track is displaced meters) thick, The sea breeze along the southern coast
over northern Europe, uppcr-air disturbances .-each the enhances the fair-weather cumulus associated with
Turkish Coast on I to 2 days a month and touch off orographic uplift. Stratocumulus and fair-weather
isolated showers and thunderstorms, Thunderstorm cumulus bases are between 3,000 and 4,000 feet (915 and
activity is enhanced by strong daytime surface heating 1,220 meters), but stratocumulus bases may form at
and a well-defined sea-breeze circulation. The sea breeze 1,500 feet (455 meters) along the southern slopes of the
supplies the moisture for orographic showers along the Taurus Mountains; tops go to 12,000 feet (3,655 meters)
Taurus Mountains. The Anatolian Plateau Thermal MSL.
Trough produces a persistent northerly gradient flow (the
Etesian, which see) in July and August. Middle and high clouds form with weak summer

disturbances and jet streams that produce thin cirrus with
SKY COVER, Only one weak low a month crosses the 20,000-foot (6-kin) MSL bases. Rare cold fronts and
region. Diurnal cumulus provides most summertime upper-level disturbances may produce frontal cumulus,
cloud cover. Mean summer cloud cover averages about towering cumulus and cumulonimbus. Typically, cloud
30% along the Marmara coast and in the southeast, but bases are in the 3,000- to 6,000-fot (915- to
less than 10% in the southwest. Ceilings below 3,000 1,830-meter) range. Cumulus tops reach 15,000 feet
feet (915 meters) are rare during summer; as shown in (4,570 meters) MSL, but towering cumulus and
Figure 3-17, they are reported less than 6% of the time, cumulonimbus may reach 50,000 feet (15 km) MSL.
normally near sunrise. Etesian winds enhance the Cloud bases are near 500 feet (150 meters) in heavy
stratocumulus and foir-weather cumulus that develops downpours.
along the Sea of Marmara coast. Stratocumulus develops
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Figure 3-17. Mean Summer Frequencies of Ceilings Below 3,000 Feel (915 meters), Turkish Coast.
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THE TURKISH COAST
SUMMER June-August

VISIBILITY. Visibilities after June are generally good. visibilities, but with June cyclonic activity, heavy
Figure 3-18 shows that summer visibilities below 3 miles precipitation can reduce visibilities to between 3 and 7
are rare. Greatest low-visibility fruencies occur along miles. Rain showers and thunderstorms along sea-breeze
the Sea of Marmara coast south to Balikesar and around fronts also lower visibilities. June migratory lows cause
Adana. Morning radiation fog causzs most poor most visibility reductions in precipitation.
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Figure 3-18. Mean Summer Frequencies of Visibilities Below 3 Miles, Turkish Coast.

Dust, haze, and smoke are rare. Local microbursts penetrate southward to the western Mediterranean Sea
from thunderstorms or sea-breeze gusts in open beach coast, but the Taurus Mountains block direct northerly
areas may transport dust or sand, but visibilities rarely go flow east of Antalya. Tight surface piessure gradients
below 6 miles. Rare June Atlas Lows can bring in North between the Anatolian Plateau Thermal Trough and the
African dust. Haze and smoke rarely reduce visibilities Balkan High produced the highest recorded summer
to less than 3 miles. Izmir is most likely to report haze wind gusts (31 knots from the NE at Canakkale and 42
with 3- to 6-mile visibilities because of its topography, knots from the NNE at Izmir). The prevailing northerlies
urbanization, and large-scale stagnant air problems. almost completely overpower the land/sea breeze west
Smoke is confined to the industrial and agricultural areas and north of Anatalya, except at Dikili. At stations east
between Canakkale and Golcuk, and south to Balikesar. of Anatalya, pronounced land/sea and mountain/valley

circulations overcome the prevailing north-northwesterly
WINDS. Etesian northerly surface flow at 10 to 15 flow. Summer winds at Izmir and Anatalya, because of
knots dominates the wcwtem and southwestern Turkish the rugged terrain, are almost the same as in winter, but
Coast between mid-July and mid.-August. These wind- speeds are less. Src FigLre 3-19.
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THE TURKISH COAST
SUMMER June-August
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THE TURKISH COAST
SUMMER June-August

PRECIPITATION. Summer is the driest season. As than 0.3 inches (8 mm) a month. In July and August,

shown in Figure 3-20, precipitation averages less than rainshowers are isolated. The most rain falls south of the

1.3 inches (32 min) a month, and niany locations get less Taurus Mountains above 1,600 feet (485 meters).
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Figure 3-20. Mean Summer Monthly Precipitation, Turkish Coast.
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THE TURKISH COAST
SUMMER June-August

Figure 3-21 suggests that, except in protected areas Plateau due to the orographic uplift o' moist sea breezes.
such as Izmir. there are between 4 and 7 thunderstorm Also, Etesian winds cause a thunderstorm increase along
days a summer. Thunderstorm activity is concentrated the Sea of Marmara coast. Occasionally, a %,,,ak
along the Taurus Mountains and wesltern Analolian uIp)lxr-level disturbance lriggers squall lines.
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Figure 3-21. Mean Summer Thunderstorm Days, Turkish Coast.
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THE TURKISH COAST
SUMMER Juno-August

TEMPERA'ruRI. As showu by Figure 3-22, from 530 F (12 C) to 770 F (250 C). The lower range of

southwest Turkey is the warmest part of the region these temperatures is confined to tie Sea of Marmara

during the summer. Mean daily highs range from 810 F coast where Etesian winds moderate coastal

(240 C) to 940 F (340 C). Record highs exceed 100' F temperatures. Record lows are 390 F (40 C) at Balikesar,

(380 C) everywhere, and Adana's 1140 F (460 C) is the 490 F (90 C) at Adana, and 590 F (140 C) at Iskenderun.
region's highest temperature. Mean daily lows range

40 Ba1ikear Month: JunIJul[Aug
Caniakkale Ma a:.j*j*
JunaIJulIAu Jun JullAug Mean Max:...I.'.....
81 18 87AU7 -,84 189 90 Mean Min:...I...I...

3 165 165 57 163 163
STurkey

7A ~•Alhtsaau

Juni JullAu AnamurIzmir - 8& '193 193-Jn5Jll u
junlJullAug -6-_WT__ 6 4 8T 19. 193.

162 167 5-- -Jun IJullIAuK_-- Jun - ,u
.1*,. .

, 'Junl Jul IAug. ...

"360 N 'J ' Mediterraneon Sea 71 176 I Jun JullAug

270E 33 0E T8 188 19027°E , ,70 175 11,

Figure 3-22. Mean Summer Daily Maximum/Minimum Temperatures (F), Turkish Coast.
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* THE TURKISH COAST
FALL September-November

*� GINERAiL WEATHER. A large-scale trough centered eastern Mediterranean Sea, these clouds form up to 2(X)
over the Mediterran',,,an Sea foims between the Azores miles f[om the low's center. Bases are usually lower,
and Asiatic Highs, and directs late-fall cyclonic storms between I,(XX) and 3,0(X) feet (305 and 915 meters).
through the Mediterranean basin. Polar air suiges, heavy Thicker clouds become more common by November
rains, and snow reach the Turkish Coast by late October. with Atlas Lows. In November, cool Aegean and

Mediterranean Seas and warm North African air
SKY COVFR. Mean cloud cover increases by about advection enhance .hese lows' warm-front
30% during the fall as more lows (either Atlas or Genoa), stratocumulus.
migrate through the region. C)clonic activity produces
multilayered clouds. Lows moving northeastward Stratocumulus is common on Turkey's southern coast.
through the Sea of Marmara usually form thicker Cold air drainage from the Anatolian Plateau or coastal
cumulus, towering cumulus, and eumulonimbus within Taurus Mountains flows offshore over the warmer water
50 to 100 NM of the low-pressure center. Cloud bases between 0400 and 0700 LST and forms stratocumulus
are 3,0(0) to 6,000 feet (915 to 1,830 meters), with that moves onshore with the sea breeze. The
towering cumulus and cumulonimbus tops reaching stratocumulus, with bases between 400 and 1,(XX) feet
45,000 feet (13.5 kin) MSL. Bases may lower to 500 (120 and 305 meters), is lifted orographically L 1100
feet (150 meters) in heavy showers. Cirrus and LST until its tops reach 3,000 to 4,000 feet (915 to 1,220
alt(x:umulus provide upper cloud cover. Cirrus is thin, meters) MSL. Ceilings below 3,0(X) feet (915 meters)
forming above 18,0(X feet (5,485 meters) MSL; increase in late fall in the northwestern corner of the
altocumulus forms between 8,(X)0 and 16,000 feet (2,440 region as lower stratocumulus is advected onshore. See
and 4,875 meters) MSL. If the low moves over the Figure 3-23.
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Figure 3-23. Mean Fall Frequencies of Ceilings Below 3,000 Feet (915 meters), Turkish Coast.
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THE TURKISH COAST
FALL. September-November

VISIBILITY. Fall visibilities are generally good, but Warm fronts cause advection fog in November when
they go below 7 miles slightly more frequently between the land surface is co!d, especially on the western
the end ol summer and October. The frequency of Turkish Coast if the warm sector airmass is moist and
visibilities below 3 miles increases another 10-20% north slow-moving. Seat fogs form awong the Sea of Marinara
of Mugla in November. Morning radiation fog, the during weak synoptic flow. Rain showers and
primary fall visibility restriction, often drops visibilities thunderstorms occurring with cyclonic activity may
to less than 3 miles. By late October, increasingly lower visibility to less than a mile for periods of less than
intense frontal and migratory low precipitation also an hour. Visibility in steady rain, drizzle, and snow
reduces visibilities below 3 miles. Local topography that squalls is usually 5 to 7 miles, but 3 miles when
enhances synoptically-caused restrictions is another combined with fog. Rare November snow squalls can
cause of visibilities below 3 miles. reduce visibility to less than a mile.
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Figure 3-24. Meatn Fall Frequencies of Visibilities Below 3 Miles, Turkish Coast.

Dust, haze, and smoke are rare. Atlas Lows and Haze and smoke rarely reduce visibilities to below 3
thunderstorm gust fronts produce blowing dust and sand miles. Izmir consistently reports haze between 3 and 6
if the winds are very strong (greater than 25 knots); NM because local terrain traps industrial smoke and
visibility can drop t.o less than a mile. Haze forms witn marine moisture between elevated ridges. The industry
lighter winds. Dust persists at 20,0(X) feet (6,100 meter) and agriculture between Canakkale and Golcuk and then
MSL after a strong Atlas Low, producing a rc6dish haze. south to Balikesar produces a rare report of smoke.

0

3-26



THE TURKISH COAST
FALL September-November

WINDS. The flow along the western coast of Turkey are about 5 to 10 knots. Land/sea breezes are less
transitionz from the summer Etesians in mid-September pronounced in the fall, especially in the northwest.
to north-northwesterly flow from the strengthening Drainage winds from the Anatolian Plateau ani Atlas
Asiatic High, channeled by terrain into the Aegean Sea. Mountains increase anI channel down the valleys, as
This north-northwesterly flow seldom penetrates south of shown by the wind roses -n Figure 3-25.
380 N in the fall. The Taurus Mountains shelter the
southern Turkish Coast from this flow; synoptic flow During the fall, winds aloft shift back to westerly
(originating from the Azores High) is southwesterly in above 5,000 feet (1,525 meters) MSL as the storm track
this area. The two distinct flow patterns meet between moves south (see Figure 3-6).
Bodnim arid Silifke. Wind speeds over the entire area
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Figure 3-25. October Surface Wind Roses, Turkish Coast.
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THE TURKISH COAST
FALL Sgp/mber-November

I'kFlIPITATION. The mean fall precipitlllki mear cold frtils traveling northeastwafd. These fronts

:,mounts, tkwn in Figure 3-26 relkect increasing become more froquent as fall proIXs.es. Snow showcrs

N,•.cmhcr cyck'K •irwm f requncies. LAcws tracking are po•sible late in the season, and contribute to

S. It, •is I)%1w 'mrn Mcidkm,-nemi cau.e cxlcnsive areas of Iskenderun's and Antioch's high precipitation amounq.

am, arki dritpy"c Rain showcr% and thunrmkrior'ns omcur
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FlIture 3-26. Mean Fall Monthly Pre-Ipitaton,rlurkish Coast.
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THE TURKISH COAST
FALL Sqptember-Novembor
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Figure 3-27. Mean Fall Thunderstorm Days, Turkish Coast.
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THE TURKISH COAST
FALL September-Novenlber

0
'TEMPEIRA'tlRE0. W4m diaily highs nrnge from ( l F I ,ow', hot, dry wind(ls can push aftcm(r)n leInilw1p ures

( 16 Q C) u) 940 F (340 C), as shown in Figure 3-28. The into the 100-1050 F (38-390 C) range. Meen doily lows

lowest temperatures are found along the Sea of Marmara range from the mWd 40'so F (6-80 C) to the low 70's° F
coast, Record highs are 940 F (340 C) at Canakl ale and (21-230 C). Record lows are 130 F (-1 10 C) at Akhimar,
1090 F (430 C) along the Mediternanean coast. An Atlas 240 F (.40 C) at Adana, and 390 F (40 C) at Anamur.
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Figure 3-28. Mean Fall Daily Maximum/Minimum Temperature' (F), Turkish Coast.
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Chapter 4

THE EASTERN MEDITERRANEAN COAST

Thc Eastern Mediterranean Coast region extends from the Syriar'urkey border southward and westward to the Suez
Canal. It includes all of Israel and Lebanon, western Jordan, small portions of Syria, and Egypt's northern Sinai
Desrt. After describing the area's situation and relief, this chapter discusses "general weather conditions" by
soiaso•.)
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THE EASTERN MEDITERRANEAN COAST SITUAI ION AND RELIEFl
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Figure 4-1a. The Eastern Mediterranean Coast. The Eastern Mediterranean Coast (enclosed
by the txld lines) uxtends from the SyriwTurkey border southward, then westward to the Suez
Canal. Many political borders are in dispute; some have been omitted for clarity.
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THE EASTERN MEDITERRANEAN COAST SITUATION AND RELIEF

STATION: T" _EQLL' LRAM...

LAT/AONa 34 27 N ,15 48 a _ KLV: 33FT

"E"DBETS JAN HAY JUN JUL AUQ SP OCT NOV DEC ANN

XTE MAX 74 75 86 92 10396 93 9 10198 90 77 103
AVOMAX 62 62 67 72 78 62 66 86 87 63 74 66 76

ATVG HI 46 49 52 55 62 68 71 72 70 64 58 49 59

XTR4 MIN 31 32 371 41 51 58 61 65 55 52 45 38 31

AVG P ,CP 7.6 8.0 36 1.71 0.8 * 0o.6 1.9 5.0 6.4 3.6

MAX MONT DAY 413 , 2 * L Lý 4 ,2, 5

* = LESS THAN 0.05 INCHES OR LZSS THAN 0.5 DAYS

STATIM O: BETRUT LEBANON
LAT/LON: UAL49L. .ILZL•,LL- ELIJV: 53 FT

ELDIDNTS ýJAN FED MAR APR HAY JUN JUL AUG_ I SP JOCT NO,# DEC AN

XTIRM MAX 77 67 97 99 107 104 98 99199 101 91 84 107

AVG 62 63 66 72 76 63 67 691 86 01 73 65 75
AVGMIN 51 51 54 56 64 69 73 74 73 69 61 55 63

XTRH MIN 31 30 36 43 46 56 64 62 60 52 41 30 30

AVG PRCP 7.5 6.2 3.7 2.2 0.7 0.1 * * 0.2:2.0 5.2 7.3 35.1

MAX DLY 4.0 3.5 3.6 3.7 1.6 2.4 0.4 0.3 2.1 5.5 4.7 3.9 5.5

TSD 3 3 2 1 1 1 _ 0 1 2 4 3 21

APP TEW 1 62 63 661 73i80 89o I94 99 193 1 '751 65 1
* LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

STATION: KSARAH OSBERATORY LE BANON
LAT/LON: 33 5Q0 N - E11- - LEV: AO12-FT

XLRi4ETS JAN FEB I MAR j APR H AY JUN jJUL jAUG SEP JOCT NOV IDEC IANN
XTRW MAX 66 714 82 91 97 97t101 1104  103 193 66 7011041
AVG MAX 51 53 61 69 78 84 87 90 86 79 66 55 72

AVG 4IN 34 37 4C 46 52 57 61 61 57 52 45 38 48

XTRM HIM 17 19 26 31 38 45 50 50 44 I 39 30 20 17

AVG PRCP 5.6 6.0 2.0 2.04 0.41 0.1 0.0 - * 0 .? j.
4

.
9  

24.6

MAX DLY 3.1 1.5 2 91.6 0.21 2

SLoW DAYS 3  3 *1 * I I
* - LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

Figure 4-lb. Climatological Summaries for Selected Stations on the Fastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST SITUATION AND RELIEF

STATION: IIAI SRAL ....

LAT/LON: _gL_ 00 _LIV: 2,GFL0.l

I.LWIINTS JAN I VU W APR MAY iJUN JUL AU 1i8P ;OCT NOV ISC ANN
XTRR MAX 79 8 7 o104 109 liZ 109 99 99 107 106 97j 90 112

AVOMAX 65166 72176 83 81 88 90 68 85 7916 70_

AVG •I 1 49 50 52 58 66 70 76 76 74 08 60 52 62

XTR• HI • 1 29 27 33 401 50 50 63 61 61 47 43 33 28

AVG PRCP 7,1 5.1 0.a 0.71 0.1 0.0 0.01 0.0 0.0 0.5 2.7 8.7 24.4

MAX MON 112.1110.5 6.0 4.2 2.1 0.8 6.2 13.6 16.7 44.5

MAX DLY 3,61 5.1 2.7 1.6 1.5 0.3 * * 0.8 2.2 5.4 10.7

TISDAYS ~2 j1 0 2 0 0 0 00 1 0 0 6

FOG DAYS 1 2 2 3 2 * , 2 * 1 1 3 5 1 21

HAZI DAYS 9 10 14 15 19 20 23 21 16 18 14 12 190DU'ST DA0 1 0 0 7J ' 2
APP B •6 73 778a7 9• 3 99 104 0e 92 81 66

* =LS8 THAN 0.05 INCHECS CR LOSS THA 0.5 DAYS

STATiON: TEL. AVIV, s.IS L
LAT/LON: 32 06 N 34 47 E_- XLKV: 4, - !

, . .. ,, , . - 1~

X1MENTS JAN FEB IMAR APR NMAY IJNJUL AUG DIP JOCT NMOV JDEC ANNI
XT-1H MAX I79 91 954 1064109 100 99 108 107 95 a6 1.09

"AVG MAX 682 65 69 76 811 85 87 87 65 82 74 65 77

AVG MIN 46 47 49 54 58 64 89 70i 67 62 54 48 57

XTrU MIN 32 32 32 36 48 52 50 1 83 56 48 41 32 32

AVG PRCP 5.0 3.3 1.5 0.5 0A - * * 0.7 3.3 5.9 20.3

MAX MON 11.4 8.0 6.3 1.5 0. 0.6 5.7 16.3 15.5 33.0

MAX DAY 1 3 1 -

L T S D A Y S4 
1Q 

* 
8

LESS8 TUAN 0.05 INCHICS OR LESS THAN 0. 5 DAYS

STATION: _JZIC.H.o JOPRDA
EAT/LMON: E - XLI z L,..•.r.-0

XUD'.ITS JAN Mll MAR IAPR NAY JUN JUL ýAUG SIW OCT NOT M DC ANN
xrRM MAX 84 88 |100 117 120 118 1114 117 117 107 99 85 120

AVG MAX 68 71 79 7 67 97 101 103 103 100 94 84 72 88

AVG MIN 50 51 55 60 67 73 75 76 74 69 61 53 64

XTRM MIN 37 37 35 4'7 50 69 59 64 63 57 46 36 35

AVG PRCP -1.4 1.2 0.' 001.0 0.0 0.0 0.0 0.1 0.7 11 5.6
MAX MON 1 1 0.0 10.00.7 2.0 3.6 7.3o
HAZZ DAYS 2~ 1 1 [L35k 612~2 2 3 ...2 .± 2 ..4Ž53
TS DAYS I II 1 1 0 , 00 1 2 1 1 .... 9I.
DUST DAYS 3 2 3 3 4 2 1 2 *

[APP TIM 68 70 78 87 97 103 1107 109 106 102 87 72 j
* = LESS THAN 0.Ob INCHES OR 158 TH1AN 0.5 DAYS

Figure 4-Ic. More Climatological Summaries ror Selected Stations on the Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST SITUATION AND RELIEF

GEO(;RAPHY. The northern boundary of the Eastern basins in the area. Thc Jordan River flows along the 10
Mediterranean Coast runs from the Mediterranean Sea to 30 NM wide Jordan Rift Valley floor. Its 5- to 12-
ahloug ihc Taky/Syria bordlr 1o the 3,280-fool NM wide flood plain is the lowest on Earth, reaching
I,( Nx)-ilctel) coilt ui. The casicill holuolda' y I olhow. 1 i osl I,,I3(X) I•.' (095 It.letrs) Ibelow sell level. The

this contour through Syria to the Syria/Lebanon border. Jordan River Ilows southward( 100 NM from the southern
The Syrian border with Lebanon and Israel serves as the Anti-Lebanon ranges to the Dead Sea. The Litani River
boundary southwards to the 1,640-foot (50(X-meter) runs southward along the Biqa Valley's length before
contonr. The boundary then ýollows this contour turning westward to the Mediterranean Sea, Its average
southward to Aqaba in southern Jordan. The southern elevation is 3,000 feet (915 meters) MSL and it's 78 NM
boundary is a straight line from Aqaba to the southern long.
end of the Suez Canal, near Suez, Egypt. The western
boundary is the Suez Canal and the Mediterranean shore An abundance of wadis, mostly dry water courses,
north to the Turkish border. A number of political line the Jordan Rift Valley south of the Dead Sea.
boundaries in this region remain in dispute and are not Largest of these is the Wadi Araba, extending
shown in Figure 4-Ia. southeastward from within 20 NM of the Dead Sea to the

Gulf of Aqaba.
The region's Syrian and Lebanese coasts are 5 to 30

NM wide, with extensive coastal mountain ranges The other two significant drainage systems are the
separating the harsh desert environment to the east from Orontes River and the Kinneret-Negev Conduit. The
the maritime climate to the west. The Ansariyeh latter is a man-made irrigation system extending
Mountains of Syria average 3,500 feet (1,065 meters) but southwestward from Lake 'liberias to the Gaza Strip and
some peaks reach 5,000 feet (1,525 meters). The is used for irrigating the coastal plains. The Orontes
Lebanon and Anti-Lebanon Ranges of Lebanon and River flows northeastward from the area's northeastern
western Syria average 5,000 feet (1,525 meters) with comer. Most of its 450-NM course is outside the region
many peaks rising above 9,000 feet (2,745 meters). The in Syria and Turkey.
Biqa Valley separating these two ranges is between 3 and
9 NM wide and about 100 NM long. The mountain LAKES AND RESERVOIRS. The Jordan River
ranges and the Biqa Valley comprise over 70% of the connects Lake Tiberias, also known as Lake Kinneret or
land surface in the Syrian/Leb,-nese part of the area. the Sea of Galilee, with the Dead Sea. Lake Tiberias (6

by 13 NM) is 675 feet (205 meters) below sea level. The
In the less mountainous southern portion, the Judean Dead Sea (the area's largest waterbody at 3-9 NM wide

Hills extend along the Israeli coast into Jordan. They are by 42 NM long) is 1,292 feet (393 meters) below sea
highest in the south, reaching about 3,5(X) feet (1,065 level. Numerous small freshwater lakes dot the Lebanon
meters) high. The long, narrow Jordan Rift Valley lies and Anti-Lebanon Mountains. Lake Litani, the major
east of these hills and forms the eastern border. It is part water body along the Litani River, is 6 NM long and 2
of a gigantic rift system running from southern Turkey NM wide. It lies at 3,300 feet (1,005 meters) in the Biqa
through the Red Sea to East Africa. Average elevation Valley. Egypt's shallow Sabkhet el Bardawil is
along its 175-NM length is 300 feet (90 meters); separated from the Mediterranean Sea by a narrow spit
however, it drops to 1,292 feet (393 meters) below sea with two narrow connecting channels. It extends 40 NM
level at the Dead Sea. It lies much lower than the along the Sinai Desert's coast, reaching 12 NM inland at
surrounding landscape; the valley walls are steep, bare, its widest. It is surrounded by extensive salt flats and salt
and broken only by gorges formed by wadis or seasonal lakes.
water courses. A wide coastal plain extends
southeastward in the area's Egyptian and southern Israeli VEGETATION. Where it exists, most vegetation is
portions; it slopes gently to 1,640 feet (500 meters). The scrub and clumps of short grasses. Most cash crops
Negev and Sinai Deserts are extremely rugged plateaus. (citrus) and grasses lie along the fertile coastal strips of
Rocky stubble, shallow canyons and dunes dominate the Syria, Lebanon, and northern Israel. Isolated evergreens
landscape. Elevations average 1,640 feet (500 meters) are found above 5,000 feet (1,525 meters) in the
MSL. Lebanese mountain ranges. The northern river valleys

support extensive agriculture, as well as thickets of reeds,
RIVERS AND DRAINAGE SYSTEMS. The Jordan shrubs, and small trees. The only plants around the Dead
and Litani Rivers form the most extensive drainage Sea are small, salt-tolerant reeds.
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THE EASTERN MEDITERRANEAN COAST
WINTER December-February

(GENERAL. WEATHER. Genoa and Cyprus Lows Genoa and Cyprus Lows may both track direcdy over
prod(uce rainfall, severe thunderstorms with hail, and the region. Multilayered low- and mid-level cloud cover
even significant snowfall at elevations above 5,000 feet dominates the area near a transitory low. A cold front's
(I.525 meters). The rare Cyprus Low with significant cumuliform clouds have bases between 2.5(X) and 6,(X)0
cold air advection can lower the snow line to 500 feet feet (760 and 1,830 meters); tops may reach 40,(X)0 feet
(150 meters) MSL. Warm Mediterranean waters, which (12 kin) MSL. Ceilings below 500 feet (150 meiers)
average 630 F (17' C), provide enough moisture for occur with heavy showers or in mountains. Mid-level
heavy precipitation. Winter flow is moist; it develops an clouds forin with bases between 8,000 and 15.0(X) feet
extensive marine boundary layer that averages 5,000 feet (2,440 and 4,570 meters). Altocumnulus tops are below
(1,525 meters) in thickness. 18,00( feet (5,480 meters) but altostratus tops may go to

30,000 feet (9.2 kmn) MSL. Thin cirrus with bases atc er
SKY COVER. Fair-weather stratus or stratocumulus above 18,0(X) feet (5,480 meters) develops near jet
forms over warm coastal waters at night because of the streams, within migratory lows, and with thunderstorms.
land breeze between 04(X) and 07W0 LST. The sea breeze Thicker cirrus develops with lows and thunderstorms.
that starts between 0700 and 0900 LST shifts the Thunderstorm "blow-off" reaches 40,000 feet (12 kin)
developing clouds onshore. The resulting stratus, with MSL.
200- to 1 ,000-fxoot (60- to 305-meter) bases, and
stratocumulus, with 1,400- to 3,500-foot (425- Depending on elevation, ceilings in the northern
1,065-meter) bases, normally dissipate by 1200 LST. section are below 3,000 feet (915 meters) 11 to 30% of

the time. Low ceilings in the Sinai and Negev deserts are
Occasionally, fair weather cumulus forms within the rare. Most afternoon low ceilings are caused by cumulus

moist sea breeze. The moisture and land surface heating that develops along seaward-facing slopes. Morning low
under clear winter skies allow the cumulus to build past stratus or fog concentrated along the coast causes most
1600 LST with bases between 2,5(X) and 4,0(X) feet (760 low ceilings, but a transitory low is another major cause.
and 1,220 meters). Tops reach 13,00() feet (3,960 Latakia reports fewer low ceilings than other northern
meters) MSL. coastal stations; most cloud cover here results in ceilings

between 3,000 and 4,000 feet (915 and 1,220 meters).
On the windward sides of coastal mountains, there is Ceilings in this range occur 30-40% of the time at

increased low-level cloud cover near places like Beirut. Latakia because the marine inversion layer is deeper here
Cloud bases at mountain locations are lower than on than at stations farther south.
coastlines and in the Negev Desert.
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THE EASTERN MEDITERRANEAN COAST
WINTER Decomber-February
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Figure 4-2. Mean Winter Frequencies of Ceilings Below 3,000 Feet (915 meters), Eastern

Mediterranean _oasi.
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THE EASTERN MEDITERRANEAN COAST
WINTER Dcemmber-February

VISIBIITI~Y. Morning radtiation fog formrs during fair meters) get low ceilings and I- to 4-mile visibilities in
mvailwri or after significant rainfall, particularly in thc stratus and fog under these conditions. Rainshowers and
I chain Mouutains and [lie Biqa N~ alley. Raised dJust thunderstorms alo~ng a cold front may lower visibility to
andI marine moisture fromn the Gulf of Aqaba and the Rcd 3 miles with heavy downbursts along thc coastline.
Sea cause dust haze in the Negev and Sinai Deserts, Fast-moving fronts limit low visibilities to less than an
usually only rcducing visibilities to about 5 miles. hour. Vi~ibiliifies in snow can drop to near zero,
Winter visibilities are below 3 miles less ;htan 7% of the especially in the higher mountains.
time except in the Lebanon and Antd-Lebanon Mountains
whiere fr'equencies are around 30%. See Figure 4-3. Intense low-pressure systems may cause Sirroccos

I that transport dust and sand from the Sinai Desert.
Rain andl drizzle often reducc visibility t.o below 7 Lowest visibility is in the Negev and Sinai Deserts.

miles duiring low passages. Fog north of a warm front, Severe thunderstorms and hail are common with these
comnbinedl with steady rain or drizzle, can reduce lows.
visibility to 3 miles. Elevations abo~ve 2,000 feet (610
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THE EASTERN MEDITERRANEAN COAST
WINTER Decembor-February

0 WINDS. Prevailing winter flow is westerly to The Lebanon and Ansarlyeh Mounwins forni the sca
wcst-southwestcrly. Peak gusts, associated with Gcnou breeze's eastern edge in Lebanon and Syria, but it
and ( 'ypus L.ows, arc near 50 knots and usually channels inland along the Litani River and( into thet liqa
westerly. Daytime sea breezes average 7 knots at Beirut Valley. Persistent, 7-knot, northeasterly winds drain
and 9 knots at Tel Aviv. The winter sea breeze is active from the Jordan Rift Valley, affecting the northern Gulf
between 1200 and 1700 LST. Stronger ones may push of Aqaba and Elat. Figure 4-4 gives wind roses for the
inland to the Dead Sea by 1400 LST. area.

6• January

0 50 100
I ILLI 1 Beirut Syria

Nautical MiJ.e s. --- I

/ W-' Win- So-od "" KrmOk-

"% c-rr-q+--•c LebanonS0 %^ 1ý" 20,

3140 Peat lruKv H

0 El Arish
Tel Aviv

S\ Tarael

Jordan

\ lat
m3O°N Egypt

300' 320 3140 36LuE

Figure 4-4. January Surface Wind Roses, Fastern Mediterranean Coast.

Winds aloft are normally westerly, as shown in knots at 42,0)0 feet/13 kmi), indicates that this station is
Figures 4-5a and b. Bet Dagan's high mean speed (94 close to the Subtropical Jet's mean position in Fcbruary.
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THE EASTERN MEDITERRIANEAN COAST
WINTER December-February
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Figure 4-5b. Upper-level Annual Mean Wind Directkin, Bet Dagan, Israel.0
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THE EASTERN MEDITERRANEAN COAST
WINTER December-February

OPRECIPITATION. The &-stem Mediterranean Coast but rain an(, drizzle are common north of warmn fronts.
gets 50-70% of iis nkcan annual precipitation from The Lcbanon Mountains and the Judean Hil~s produce a
December to February. The coasts and the Lebanon rain shadow in tht Biqa Valley and the Jordan Rift
Mounio~ins.' windward slopes receive 11 to 37 inches Valley. An average of 14 low-pressure systems penetrate
(280 to 920) mm) per winter month, Precipitation the region each winter. A rare stationary frontal
decreases eastward, as shown in Figure. 4-6. The Jordan boundary occasionally produces heavy rain that can
Rift Valley receives from I to, 16 inches (25 to 400 mm), persist for 5 -10 days, most often in February.
decreasing from north to south. Most falls in showers,

Nautial Mles eb Jordan

Cyru iyp2 0-1
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THE EASTERN MEDITERRANEAN COAST
WINTER December-February

Sioong (;cnmi or C'yprus Lows cause most of' 11w Rift Valley) averages only 1. Hail is common 3n winter
winiet ikunderstorins shown in Figure 4-7, They occur thunderstorms; it occurs with about 25% of them. Hail
oin 1-21 (lays a seasrn. Latakia, Syria, averages 7 larger than 3/4 inch (17 mm), howtver, is extremely rare.
thuinder-oornis a winter month, but Jericho (in the Jordan

Cyprus Tri oil.
/jyprusDee JanlFeb

BeirutLebanon

De lianiFeb Jeniob
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200  36E /
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THE EASTERN MEDITERRANEAN COAST
WINTER December-February

Significant winter snowfall is normally confined to every 3 to 5 years; it melts within 3 hours and depths are
the Lebanon Mountains' higher elevations (above 5,000 normally less than 2 inches (50 mm). However, 10 to 12
feet/1,525 meters) MSL. Depth rarely exceeds 12 inches inches of snow have fallen above 1,000-foot (305-meter)
(306 mm). Snowfall in the Lebanon Mountains averages elevations with deep, clc~wed lows. Figure 4-8 illustrates
2 to 30 days a season depending on clcvation and a common 5(M)-mb pattern for significant.,nowfull.
latitude. Snow is rare at sea level, occurring about once

0 % 20-E 40E

40N'

Figure 4-8. An Example of 500-mb Flow Causing Widespread Snow in the Eastern
Mediterranean. This example shows a deep trough over Eastern Europe and a strong ridge over
Westein Europe. Cold short waves drop into the eastern Mediterranean and reform in the Cyprus
area. Severe winter thunderstorms may develop with small hail if warm, moist air is present.
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THE EASTERN MEDITERRANEAN COAST
WINTER Docember-February

1TrFIVRATIJRE. Winter highs average .540 F (120 C) with southeasterly winds; they decrease with elevation
in the mountains anid 7i30 F (230 C) in the .'ordan Rift fromr 93 to 710 F (35 to 210 C). Elat and Bet Dagan
Valley- -sce Figure 4-9. The Lebanon Mountains' raach 930 F (350 C). Mean lows range from 330 F (20
highest elevations experience the lowest temperatures; C) to 560 F (120 C", Extreme lows result from polar
t1w mean high at Al Arz (elevation 6,283 fcet/I,916 surges out of Eastcrn Europe and range from 70 F 1.4 0
meters) is 350 F (20 C). Extreme highs noimally occur C) at Riyaq to 360 F (20 C) at Sedom.

Month: Dec Janiee

Meierna Sea 105 I 062 156 9 Syi

Dec eal~eb Jrioh

igr49.Mean WiteMax l aiu/iiu Templ tue (v)v Ea ernMeitranleanCat
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THE EASTERN MEDITERRANEAN COAST
SPRING March-Muy

O GENERAL WEATHER. The primary cyclogenesis Anti-Lebanon Mountains and the lee side Lebanon
region shifts southward to the Atlas Mountains in the Mountains experience morning low cloud or fog, but
western Sahara. Stronger winds, waimer temperatures, little fair-weather cumulus. Inland stations on the
and less rainfall accompany an Atlas Low. The Sirocco plateaus, such as Beersheva, rarely oberve extensive late
is common between late March and early May. Atlas afternoon cumulus because the sea-breeze moisttuwe and
Low activity peaks in April. Polar air may still penetrate land surface air mix thoroughly. The spring sea breeze
the eastern Mediterranean in March. off the Gulf of Aqaba causes low ceilings in the southern

Negev. Latakia seldom reports ceilings below 3,000 feet
SKY COVER. Mean spring cloud cover is similar to (915 meters) because its marine inversion layer is higher
wipter's, although it increases in the coastal deserts than at other stations.
because intense surface heating develops a stronger sea
breeze in May. Stratocumulus (reported as stratus at Lows entering the area north of Latakia produce a lew
higher elevations) moves onshore with the sea breeze but clouds (mainly cumulus and altocumulus) along the cold
dissipates before noon with the increasing onshore flow front. Bases range from 2,500 to 6,000 feet (760 to
and the hot, dry land. Bases range from 1,400 to 3,200 1,830 meters); tops reach 14,000 feet (4,265 meters)
feet (425 to 975 meters); tops seldom exceed 4,(X)0 feet MSL. Accompanying towering cumulus a,.6 cumulo-
(1,220 meters) MSL. Higher elevations report ceilings as nimbus have similar bases, but tops reach 20,000 to
low as 400 feet (120 meters). Orographic uplift sustains 45,000 feet (6 to 13.5 kin) MSL. Lows passing south of
cumulus along the Lebanon Mountains. Frequently, Latakia produce multilayered cloud decks as more warm
walls of fair-weather cumulus are observed east of Beirut moisture is advected along the warm front and the
and Haifa, causing the low-ceiling frequencies seen in Subtropical Jet is present. These clouds extend from
Figure 4-10. Bases are usually 2,500 to 4,000 feet (760 2,500 feet (760 meters) !,o 45,000 feet (13.5 km) MSL.
to 1,220 meters). Cloud tops quickly dissipate above Ceilings in heavy showers can go much lower (near 500
6,0(0) feet (1,830 meters) MSL in drier air above the feet/I10 meters), but nimbostratus is rare.
marine ,boundary layer before reaching the interior. The
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THE EASTERN MEDITERRANEAN COAST
SPRING March-May
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Figure 4-10. Mean Spring Frequzncies of Ceilings Below 3,000 Feet (915 meters), Eastern
Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST
SPRING March-May

* ~ VISIIxlTY. Visibilities are below 3 miles less than the coast. Dust haze is common in the Negev and Sinai
11% of the time throughout the region, as shown in deserts, but it seldom reduces visibility to below 5 miles.
Figure 4-11. Low visibilities are most common in the
morning between 0600 and 0900 LST. They vary from Atlas Lows become less frequent during late spring.
2% during the morning on the coast to 23% in mountains Low visibility with rain, drizzle, and fog occurs more
and valleys. Large-scale precipitation is reponsible for often at northern stations because the lows cross the
most 5- to 6-mile visibilities in early spring, but fog central and northern coast. Southern stations get sea fog
becomes the primary factor in late spring. Radiation fog and stratus in the accompanying warm air advection
forms fiom 0700 to 0900 LST in stable atmospheric ahead of the low. Strong Siroccos (which see) bring
conditions in residual moisture left by rainfall or during North African dust and sand into the region. Visibilities
the land/sea breeze transition. In May, radiation fog is are less than 3 miles with active frontal thunderstorms,
common in interior mountain and valley locations and on heavy rain showers, and blowing dust.
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O ~ Figui e 4-i1I. Mean Spring Frequencies of Visibilities Below 3 Miles, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST
SPRING March-May

WINDS. Prevailing flow is southwesterly to late April. Northerly nocturnal drainage winds average
west-southwesterly; it reinforces the sea breeze. II knots, penetrating southward along the Jordan Valley
Synoptic-scale wind gusts, commonly caused by Atlas or to Elat where they diminish to 5 knots. The Dead Sea
Cyprus Lows, reach 50 knots. Winds are strongest generates an easterly 5-knot lake breeze along its western
along the coast but weaken substantially to between 15 edge by day; however, a strong sea breeze surges into
and 25 knots inland, Surface wind roses are shown in the region from the west, usually after 1400 LST. The
Figure 4-12. wind reversal is abrupt; westerlies may reach 20 knots

and persist until 1700 LST.
Surface winds display well-defined land/sea and

mountain/valley breezes. Coastal sea breezes average 7 Mid-level winds shift to the northwest as the Azores
knots south of and 9 knots north of Beirut. Normally, the High and the desert heat lows strengthen- -refer to Figure
easterly land breeze is 3 knots slower than the westerly 4-5. The shift is damped at higher levels. Mean wind
sea breeze. Mountain/valley winds are southwesterly or speeds diminish as the Subtropical Jet moves north. By
northeasterly in the Biqa Valley. The Jordan Rift Valley May, highest speeds are 60 knots at 40,000 feet (12 km)
has a unique mountain/vallcy circulation that develops in MSL.
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Figure 4-12. April Surface Wind Roses, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST
SPRING March-May

SII{I•,('IPITA°I'ION. A.• lhc slorm trick moves north of Figurc 4-14. Extcnsiv¢ thunderstorms form along the

the ar•l. rail;ill dccrc;iscs--su• l:igurc 4-I.•. Mtml .•,dli•:rll l.clmmm ;lil Allti l.cl•mil M•mlil;li,.•. l l¢£1vy
prc¢ipimtio, I'alls in showers and thundcrshowcrs, morning dcw adds I-2 inches (25-50 mm) tomean spri.g
Thunderstorm fr•iuency decreases only slightly through precipitation totals.
the spring as Atlas Low activity peaks in April--see
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Figure 4-13. Mean Spring Monthly Precipitation, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST
SPRING March-May
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Figure 4-14. Mean Spring' Thunderstorm Days, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST
SPRING March-May

TEMPERATURE. Mean daily highs, shown in Figure temperatures range from 900 F (320 C) in the Lebanon

4-15, vary from 610 F (160 C) to 790 F (260 C) in Mountains to 1200 F (480 C) at Jericho. Mean daily

March. Higher elevations are colder; Al Arz (cievation lows vary from 44 to 640 F (7 to 180 C) along the coasts,

6,283 feet/I ,916 meters) his a mean March high of 39' F but they arc more variable inland, ranging from 360 F

(40 C). By May, highs range from 700 F (210 C) along (20 C) at Al Arz to 750 F (240 C) at Sedom. Extreme

the coast to 970 F (360 C) in the southern Jordan Rift lows range from 190 F (-70 C) at Riyaq to 430 F (60 C)
Valley. Sharav winds (which see.) produce drastic at Sedom.
temperature increases. The highest springtime
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Figure 4-15. Mean Spring Daily Maximum/Minimum Temperatures (F), Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST
SUMMER June-August

GENERALA WEATHER. The Azores High is strongest as 100 feet (30 meters) on windward mountain slopes.
it the summer; heat lows dominate the area. The region Tops range from 1,000 to 6,000 feet (305 to 1,830
is dry all summer as subsidence caps the marine meters). Fair-weather cumulus, with bases averaging
boundary layer at 2,000 fect (610 meters). Orographic 3,000 feet (915 meters), forms when the sea breeze
uplift of sea-breeze moisture produces isolated moisture is lifted against the coastal ranges to produce
convection, but cumulus is short-lived in the dry air aloft, cloud lines that can be 10 to 50 NM long. The drier air
Cyclonic activity and upper-air dimturbances are above the marine inversion dissipates this cumulus by
exmremely rare and weak, but they may generate frontal 1500 LST. Midday low ceilings are associated with
showers and isolated thunderstorms. these clouds. Fair-weather cumulus rarely reaches 8,000

feet (2,400 meters) MSL unless upper-level disturbances
SKY COVER. Cloud (.over is limited to morning enhance them, in which case towering cumulus and
stratus/stratocumulus, afternoon ctrnulus, and cirrus; cumulonimbus reach 25,000 to 50,000 feet (7.5-15 km)
summer transitory low activity is rare. Summer stratus MSL over the Lebanon Mountains. Clear summer skies
or stratocumulus develops when air cooled by radiation prevail over the Negev and Sinai Deserts.
Ilows offshore at night and forms a thin cloud cover over
the warm coastal waters. The sea breeze moves these The rare upper-level disturbance causes multilayered
clouds over land, causing the morning low-ceiling altocunulus and cirrus, with bases near 12,000 feet
frequencies shown in Figure 4-16. Stratus bases are from (3,660 meters) and tops to 40,000 teet (12 kin) MSL.
500 to 1,000 feet () 50 to 305 meters) AGL and Cirrus near jet streams is less than 400 feet (120 meters)
s~ratocumulus bases are mostly between 1,4W0 and 4,000 thick with bases near 20,000 feet (6,100 meters) MSL;
feet (425 and 1,220 meters). These clouds may be as low thunderstorm cirrus can reach 50,(X0 feet (15 km) MSL.
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THE EASTERN MEDR ERRANEAN COAST
SUMMER June-August
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THE EASTERN MEDITERRANEAN COAST
SUMMER June-August

VISImIlIUi'Y. Fog and haze arc the main catses of Sinai DLeserts, producing aboul 6-mile visibilities. Dust
reduced summer visibilities. Fair wea.her dominates as haze at Ovda and Elat reduces visibility to 3-6 miles.
the strong sea breeze penetraws deep into the interior. Industrial smoke can lower visibility to about 3 miles
The land breeze is weak; radiation fog forms with light with extended periods of stagnant weather conditions
or calm winds. Thin, patchy ground log lowers the (stationary high pressure). Most industrial activity is
visibility to between 3 and 6 miles about I (lay in 5 located near Tel Aviv and Haifa. Smoke and haze are
inland between Tripoli and Beersheva. Occasionally, often observed between 0800 and 1100 LST, but they are
!his produces the below 3-mile visibilities shown in usually dispersed by the sea breeze.
Figure 4-17. Dust devils raise dust in the Negev and
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IFigure 4-17. Mean Summer Frequencies of Visibilities Below 3 Miles, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST
SUMMER June-August

. WINDS. Prevailing flow aloft is northwesterly; surface knots along the Jordan Rift Valley from the Dead Sea to
wind speeds decrease from 23 knots in June to 14 knots Elat. The Gulf of Aqaba's sea breeze overrides this flow
in August. The large decrease is caused by weak between 1200 and 1700 LST on its northern shore. The
cyclonic activity and a stronger Azores High. Peak wind Lebanon Mountains stop the marine boundary near the
gusts are less than 25 knots, usually associated with rare northern coast, but onshore flow channels 60 miles into
cyclonic activity. Gusts are more likely to affect the the Lebanese interior along the Litani River Valley.
extreme north; both Latakia, Syria, and Tripoli, Stations backed by mountains, such as Beirut and Haifa,
Lebanon, have reported gusts above 30 knots. Figure have a local nocturnal drainage flow that accelerates
4-18 gives surface wind roses. offshore flow.

The sea breeze is well-defined but limited from the Winds veer to westerly at the 10,000-foot
surface to 2,(0)0 feet (610 meters) by the subsidence (3,0(X-meter) level in the summer, as was shown in
inversion. Sea breezes often penetrate to Lake Tiberias Figure 4-5. The Subtropical Jet is well north of the area;
and the Dead Sea. They average 10 knots at Tripoli. A mean speeds are at a yearly low in August, with a

delayed sea-breeze front reaches the Dead Sea around 30-kiaot maximum.
1400 LST, averaging 8 knots. Winds are northerly at 8

Peirut yria

0% .i 2n Lebanon`

""340 Haifa
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30°N Egypt B
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Figure 4-18. July Surface Wind Roses, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST
SUMMER June-August

PRECIPITATI ON. Summers arc xtremcly dry exeln 'rTmFPERATURK, Mean daily highs range from 820 F
hii dih e1', iipix.r level disoirhbalce or cycmlonic slorm (270 (') to 1049 F (410 (4), as shown in Figure 4.19. .The
Ihial brings sAltcrixl rainsihowcrs and isolated Jordan Rifl Valley has the highest mean daily highs, atilitinder-torms to the highest elevations. Summer rainfall 86.104( F (30-410 C). Extreme highs arc 950 F (350 Q
is less than 0.1 inches (3 mm) a month; for that reason, at Tripoli and 1230 F (510 C) at Sedom. Mean dailythe usual precipitation figure ha., been omitted. lows range from 1 F (100 Q) to 740 F (23oC) exccpt in
Thunderstorms occur on less than I day a summer the Jordan Rift Valley, where temperatures do not
throughout the region, normally go below 800 F (260 C). Lowest summer

tem[2ratures are in June, when they range from 370 F
(30 C) at Riyaq to 730 F (230 C) at Sedom.
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Fipgure 4-19o Mearp Summer Daily MaximumMlnium "'Tenperatures (F), Eastern Meditet ranean Coast.
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THE EASTERN MEDITERRANEAN COAST
FALL Sqptember-November

O (IENERAL WEATHER. The region retains its altostratus form with bases betweten 8,0(XX) and 15,0(X)
characteristic dry summer weather until mid-October. feet (2,440 and 4,570 meters) and tops to 30,0(X) feet
The Azores High shifts southward by November. Genoa (9,145 meters) MSL. Nimbostratus forms when the low
Low movement is normally northeastward over northern moves directly over the region; bases ait as low as 1,000
Turkey and southern Europe, but a secondary storm track feet (305 meters); tops reach 20,000 feet (6,100 meters)
crosses the area by late fall. Genoa Lows produce rain MSL.
showers and thunderstorms. Snow is possible above
5,(XX0-foot (1,525-meter) elevations. Weak flow Early morning stratus/stratocumulus continues to be
concentrates sea breeze moisture in the marine boundary brought in by the sea breeze until late October, but a
layer to below 1,500 feet (455 meters) MSL, decrease in cloudiness from summer is reflected in the

low,. incidence of early morning ceilings below 3,000
SKY COVER. Mean cloud cover increases with the feet (915 meters) shown in Figure 4-20 Only Beirut's
return of cyclonic activity. Cloud cover with early fall low-ceiling frequency increawse in the fall; morning
low prc•sure systems is confined to cold fronts and to stratus persisis there, enhanced by convergence with
cumulus along the mountains. The cumulus has increAsng drainage winds off the Lebanon Mountains.
2,5(X)-6,O(X) fCnt (760-1,830 meter) bases and is 8,000 Morning stratus bases are usually between 200 and 1,0(X)
feet (2,440 meters) thick. Stratus and stratocumulus feet (60 and 305 meters); stratocumulus bases develop
frequently develop in November behind intense lows. between 1,400 and 3,200 feet (425 and 975 meters).
Bases are between 1,400 and 3,200 feet (425 and 975 Tops range from 2,000 to 5,200 feet (610 and 1,585
meters) and tops reach 5,0(X) feet (1,525 meters) MSL. meters) MSL. These clouds may form 100-foot
Embedded cumulonimbus, towering cumulus, and thick (30-meter) ceilings along coastal hillsides.
cirrus reaches 50,000 feet (15 kin). Altocumulus and

0

4-27



THE EASTERN MEDITERRANEAN COAST
FALL Soptember-November
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THE EASTERN MEDITERRANEAN COAST
FALL September-Novmibor

* VISIBILITY. Radiation fog develops in moist air Fall frequencies of visibility below 3 miles are
advcctcd into the rcgion by the sea breeze; the result is identical to sumamer's until November, when fog also
3- to 6-mile visibilities along tde coast and in the forms in moisture left by heavy rain showers and
mountain valleys between Tripoli and Beersheva. thunderstorms. Frontal rain showers and thunderstorms
Advcclion logs ocwcur along the coast, but not in the may reduce visibility to less than 3 miles for brief
valleys. These fog types combine to produce 3-mile periods.
visibilities on 30-60% of fall mornings. Both burn off
rapidly in late-morning heating. Haifa reports 60% fog Coastal stations such as Tel Aviv and Haifa have the
frequencies at 0800 LST in the 3- to 6-mile range. Only most industrial smoke and haze, which lower visibilities
Beersheva reports visibilities be-law 3 miles in this fog to between 2 and 4 miles in September and October
with any frequency (13%). Radiation fog produced by under stagnant conditions. This is most frequent in the
Gulf of Aqaba moisture occasionally causes the low early morning before the sea breeze sets in. Smoke is a
morning visibilities at Ovda indicated by Figure 4-21. more recent phenomenon at Beirut due to the city's civil

war; it lowers visibility to about 5 miles.
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Figure 4-21. Mean Fall Frequencies of Visibilities Below 3 Miles, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST

FALL September-Novomber

WIND)S. Fall prevailing wind(s arc southwesterly at 9 to increases northern stations' nocturnal drainage [low.

18 kniot;.. The sea breeze is well-dc(incd near shore, but Cyclonic activity produces the highest wind speeds. All

it canl lfovC inlland~ beyond~ 25 N4M over flat terrain, gusts above 30 knots occur in November, with Tripoli

Mouniatiiis tiigtici thaii 2,M)0 fect (.610 ineters) block it (WSW at 54 knots) and Beirut (S at 41 knots) recording

entiirely from the northern interior. The sea breeze is the highest wind speedls in the region. Figure 4-22 gives

between 5 and 9 knots at all coastal sites and between 3 surface wind roses for selected stations. Winds aloft

an(I 6 knots at interior locations. Land breezms normally back to westerly, as was shown in Figure 4-5. Speeds

less than 5 kaiots, are. enhanced at coastal stations backed increase to 70 knots at 42,000 feet (13 kin) by

by mountains. Cooler air in the coastal mountains November.
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T14E EASTERN MEDITERRANEAN COAST
FALL September-November

* PRECIPITATION. September rainfall is scarce, as fail from less than 0.6 inch (15 mm) in Septcmnber to 2-5
shown in Figure 4-23. The prevailing southwesterly inches (50-125 mm) in November along the coast.
IIlow is very dry, and the storm track is north of the
rcgion. Rainfall incrcases in latc (Xtober alonig the Fall thundcrstonn frcqucncics increase in ic north.
northmrn coast as Genoa Lows begin to affect the region. Windward mouniain slopes get more than six
The U.+ianon Mountains produce a rain shadow effect to thunderstorms a season.
their ,noitheast. Rainfall amounts increase through the
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Figure 4-23. Mean Fall Monthly Precipitation, Eastern Mediterranean Coast.

4-31



THE EASTERN MEDITERRANEAN COAST
FALL Sqptember-Noveniber

Egypt /s
.-eE 320Ectmo 360E

Figure ~ ~ ~ ~ 1 4-44e1FNTudrtr asEsenMdtraenCat

4-32 Lbao



THE EASTERN MEDITERRANEAN COAST
FALL September-November

ST'EMPERATURE. Mean daily highs range from 740 F Jericho. Mean daily lows range from 410 F (40 C) to
to 88" F (230 C to 3 1 C) along the coast. They are 810 F (270 C). Lows on the immediate coastline arc
about 150 F (80 C) lower in the mountains above 2,000 between 50 and 70' F (10 and 210 C).
feet (1,500 meters) and reach 510 F (100 C) at Al Arz
(6,283 feet/1,916 meters in elevation). Sub-freezing temperatures only occur above 5,000

feet (1,525 meters). The area's record low temperatures
Temperatures are highest in the Jordan Rift Valley. include 250 F (-40 C) at Riyaq and 520 F (I10 C) at

The record high temperature at Marj Uyan (at 2,516 Sedom. Figure 4-25 gives mean temperature data for the
feet/767 meters) is 930 F (340 C) and 1170 F (470 C) at area.
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Figure 4-25. Mean Fall Daily Maximum/Minimum Temperatures (F), Eastern Mediterranean Coast.
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Chapter 5

NORTH AFRICAN COAST

The North African Coast comprises the coastal fringes of Egypt and Libya west of the Suez Canal. It includes most
of the Akhdar Mountains and the northern slopes of the Nafusah Mountains. After describing the area's situation
and relief', this chapter discusses "general weather conditions" by season.
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THE NORTH AFRICAN COAST SITUATION AND RELIEF
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Figure 5-1a. The North Arrican Coast. This region includes the flat, sandy plain that stretches for 1,1(X) NM
along the southern Mediterranean Sea coast from the Libyan-Tunisian border eastward to the northern Sinai
Peninsula and the Suez Canal. The ,;pelling of place-names here varies widely. DMAAC spelling, transliterated
from the Arabic, is used except for well-known places like Cairo and the Gulf of Sidra; in such cases, both spellings
are given, The shaded rectangle defines the area described by Figure 5-2.
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1, igure 5-11). Climato!ogical Summaries for Selected Stations on the North African Coast.
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'THE NORTH AFRICAN COAST SITUATION AND RELIEF
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Figure 5-1c. More Climatological Summaries for Selected Stations on the North Africap Coast.
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Figure 5-id. Still More Climatological Summaries for Selected Stations on the North African Coait.
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THE NORTH AFRICAN COAST SITUATION AND RELIEF

O GEO(;RAPHY. The eastern border of the North The Nafusah and Akhdar Mountains interrupt the
African Coast runs from Port Said south along the Suez gently sloping coastal plains. They average 2,(WX feet
Canal to the northern tip of the Gulf of Suez, then west to (610 meters) MSL, with several peaks above 3,000 feet
the Nile River scuth of Cairo. It then follows the Nile (915 meters) MSL. The Naftisah Mountains parallel the
Ilood plain north to a point just south of Alexandria. coast about 70 to 90 NM inland. The Akhdar Mountains
Continuing west, the rest of the region is made up of the hug the coastline along the northeastern Gulf of Sidra
narrow coastal plain from Alexandria along the Akhdar coast.
Mountains' southern slopes, along the Gulf of Sidra, and
along the Nafusah Mountains' northern slopes to the DRAINAGE AND RIVER SYSTEMS. The River
Tunisia border. Nile, the region's only permanent drainage basin, is one

of the world's largest. Figure 5-2 is an expanded view of
This region's width varies from 5 to 130 NM. It is the Nile Delta, which extends 85 NM inland and 130 NM

widest on both ends and narrowest between the Gulf of along the coast. It contains hundreds of meandering
Sidra and the Akhdar Mountains. Except in the Akhdar streams and canals. The Nile splits into two
and Nafusah Mountains, elevations are below 660 feet branches--the Damietta on the east and .he Rosetta on the
(200 meters) MSL. west--17 NM north of Cairo. These rivers are lined with

salt marshes and small lakes formed during seasonal
Flat coastal plains with sandy or rocky soils make up flooding.

85% of this region. Although much of the Sahara is
rocky, there are extensive sand dunes in the Libyan and Many semipermanent streams (wadis) dissect the
Sinai Deserts. There are also isolated salt marshes and Nafusah and Akhdar Mountains. These wide but shallow
tidal lagoons. The Nile Delta is arid even though the stream beds reach the Mediterranean Sea only during the
Nile and its many branches flow through it. winter. The Suez Canal is a man-made waterway link.ng

the Red and Mediterranean Seas.

MEDITERRANEAN SEA
Alexandria

(El -Iskandar iya) Port Said
Le LBur' Said)

Lak
1NILE DELTA Manzala

Rosetta Damietta
B ranch Branch Suez Canal

IsmaiIia't
(EI-Ismailiya) Great

Bitter
C t Lake
Cahiro Sinai
3E )ahNra) Suez Desert

'30°N EGYPT (El Suweis$'

River

30 0 E 31 0 E Nile 32 0 E Sue 33zE

Figure 5-2. The Nile Delta, Showing Primary Rivers, Lakes, and Cities.
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THE NORTH AFRICAN COAST SITUATION AND RELIEF

LAKES AND RESERVOIRS. The only Iakcs and VE(-ETATION. The deserts arc mostly barren, but
reservoirs in the region are in the Nile Delta or along the short scrub grows in protected areas where water is
Suez Canal. Many are seasonally flooded. The Great avaiiable. Irrigation in the Nile Delta allows cultivation
Bitter Lake was created during construction of the canal. of palms and citrus. Isolated open woodland, evergreen,

and scrub vegetation are found in the Nafusah and
Akhdar Mountains.

5-6



THE NORTH AFRICAN COAST
WINTER rkme~mbor-Fetiroary

* GEINERAL WEATHER. Although moderate frontal Cumulus forms at midday; bases are normally 4,(XX)
showers and thunderstomnis occur with stronger cold ieet (1,225 meters) but c.,,n be as low as 2,500) foet (760
front~s, many only produce drizzle and light rain. Moist meters). Tops are nannally below 7,1kJ) foet (2,135
narthwcsterly flow from the Azo)res High, asiisted by meters) MSL. Most non-frontu afternoon ceilings b.elow
upper-Icvcl jets, steer low-pressure troughs through the 3,0(X) keet (915 meters) ame caused by t1iis cumtkmd.
region regularly.

The effects of transitory low!; dopendJ on die system's
.SKY COVER. The combination of morning stratus or origin. Me~iturrapran sysiems (sujch its Oec'oa Lows) amc
stratocumulus andl the effect% of transitory low<-)rcsurc cloudier thani North African systems (suich as Atlas
'.ystcins make winter the cloudiest season. Momrnig Lows) because of their overwater trajoctorikýs. Genoa
Ntratus/s.'ratocumulus forms over tie water during fair Lows tracking along this coast cause Jic most Cxtensive
weather when the nocturnal land breeze pushes air cooled cloud vover, with multidayered decks from 4,000 feet
by radiation over warmer coastal waters. The sea breeze (1,2.20 meters) aaid iops if) 20,000 feet (6 kni) MSL.
wcts up at suarrise and pushes the clouds onshore. The Embedded cumulifeim clouds can c'rtend to 4(),0(X) feel,
amount of stratusostratocumulus at a given location is a (12 kin) MSL. Cloud bases may lower io 5(0) feet (150
(unction of it-s proximity to the coast and mountainous meters) during heavy showe~rs.
terrain. Morning stratus/stratocumulus bases, are about
25(X) leet (760 meters), but below 500 feet (1,50 meters) So'jth-to-southwest winds ahead of aii Atlas Low
in th,ý mountains. These clouds cause somei of the low passing through the Gulf of Sidr.i force moisture over the
morning ceilings shown in Figure 5-3. Tops, are Akhdar Mounwins and hicreame Joudiness on the
normally Weow 6,000O feet (1,830 nmeters) MSL. Clouds western slopes. On rare occasions, Atlas lows travel
burn off within 2 hours afces sunrise in the warmer air. eastwasrd south of the region. Skies are zlmost cloudless
Morning stratus (bases at 700- 1, 100 feeu/2 15-335 meters) with these lows except on the Akhdar Mountains' eastera
1l'rms in the Nile Delta frcn, the moisture, trapped under slopes, where enough moisture frcm the sea is present for
a nocturnal radiation invtersion, cumulus to form.

MEDIEPRANEAN SEA P.0ur .O5 II 1117LST5%: 1 I*is les~s than 0.5%
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0141o11T6 Alexandria

34 121 151 1-
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THE NORTH AFRICAN COAST
WINTER December-February

VISIIIIMI'I'Y. Winter visibilit-,ws are usually above 3 Morning fog forms along the Nile Deltvs rivers and
miles throughout the region, but they are below 3 miles canals, along the coast, and near lagoons. Heavy frontal
1-7% 1f the timc along the coast (in thc marine boundary rain showers and thunderstorms restrict visibilities to 1-3
laycr.) and 6-13% of the time inland, Figure 5-4 shows miles. Morning strats often obscures higher
that low visibilities arc more common in the cast and in seaward-facing slopes in the Akhdar and Nafusah
the mountains. Dust is often raised with 10-15 knot Mountains, causing 1-3 mile visibilities. Daytime
winds; the amaunt raised and particle sizes vary with healing lifts these fogs into thin stratocumulus or
wind seed, atmospheric stability, and local ground type cumulus decks by late morning.
and moisture content. Dust and haze cornbinc at some
inland locations such as Cairo and Adjabiyah. Although Sand and dust carried by winds over 25 knots near
du:;t haze normally only lowers visibilities to 5-6 miles, transitory lows and around their trailing cold fronts can
they can go below 3 miles. Low visibility is less of a drop visibilities below 1 mile for 1-6 hours. These
prolicrn west and north of the Akhdar Mountains where duststorms often lift dust to 20,000 feet (6 kin) MSL.
winds arc more westerly than southwesterly and carry The Akhdar Mountains shelter aireas to the north from
less (lust. southerly, dust-laden winds. Transitory lows also cause

heavy rain showers and thunderstorms that may reduce
visibilities below 3 miles for short periods.

Hour:05111i 17LSTMEDITERRANEAN SEA :I I
i.3 less than 0.5%

?-auara is Missing Data
0 016 Alexandria

34 0 71 2 Hisurat.a Drnauh 65"11T17

~T~~i _ __ 31 21.2OT_10 2 T i4 lo 1 116 6•. •t 16T16 Port Sad
21 11 

[ 
1 11 1_7 051 11117

"Su--r-tl1 _05 T -1i-74 51 8

Ialut 11 3111
04110116 11_,. 31 5Ahhat

216 67_-_76 J _Trip l 001 11 17 ca r0l~ lol 16 \ •i9 l 17rni

1 ~~Ajdabiyah T-ý2LIBYA 04110116 581 i EGYPT 151 21 4

14°E 18°E 22 0 E 1 26oE 30 0 E

Figure 5-4. Mean Winter Frequencies of Visibilities Below 3 Miles, North African Coast.
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THE NORTH AFRICAN COAST
WINTER Docember-February

*WINDS. Mean wind spec(Is geverally decrease 1mom lower mean wind speeds, as shown in F~gurc 5-5. Tlwe

west to cast as the Azores lilg4's iiulbcrice declines witihilnd ý)r soa ~r~i i~igmwIitv prevailing wcitcrlics along

distant~c away from its mean wialci positionl. Highest cousis that av~. perpemiwilCai 1o thL ilow. Wlestcrlies

observe:! ~vind speeds are always associatee .011li dominate 1iAMS whewr~ coastlinfes are pai-a~lhl tu The flow.

cycloni, activity.%' uswuly Genoa Lows. Strong andi gusty NoctuniaJ diainage wind-. di-minaie around the Akhdsw

west to northwest wvinds, acco~ripun) in~ense cold front-,. and Ntfusuh Moun~tains.

Peak guhsts average 30 knots, but 45- to 55-knot gusts
have been reported at Tripoli aud Darrali, both e,-.Ixsed Uppeu-leve: winds, shown in Figu~es 5-6a and 5-6b,

coastal locations. 3tiftions farther frorn tIte coast havt; are weiterlY tinder the Azores High's hifliuenh.e.

Zatiara ~, Mediterranean Soae e..-1 0
Darnah e. -

Tripc*

30ON t
LIBYA ý h EGP

1~40E 180 E U21 m30 0E /
-j I______ _______ ______

Figure 5-5. Janua~ry Surface Wind Roses, Nn-th African Coast.
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Figure 5-6a, tJpper-Ievel Annual Mean Wind Direction, Tripoli, Libya.
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THE NORTH AFRICAN COAST
WINTER December-February
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Figure 5-6b. U~pper-level Annoal Mean Wind Direction, Banghazi, Libya.

PRECIPITATION. Most rainfall is convective. As rain falls along flat desert coasts oriented west-Io-east
shown in Figuire 5-7, the region gets, I to 16 inches of and parallel to advancing cold fronts. Southeastern
rain in the winter, depending on pg-oximity to the mean slopes and cast-facing coasts go*, even le!,s. Port Said, on l

Sstorm track, proximity to the mountains, and coastal the region's extreme eastern edge where fronts seldom
-,orientation. Northwestern mountains slopes get the penetrate, gets the least rainfall. Snow falls on less than

must. Light rain or drizzle falls above 2,0X)-foot I day j winter. It seldom lasts raore than 2 hours, but
(61!)-mcter) elevations with transitory lows. As can persist for up to 6 hours above 1,3(X) feet (455
illustrated by the Genoa L~ow track in Figure 5-8, less meters) after a frontal passage.

MEDITERRANEAN SEA Month: Dee IJan lFeb
Inches:• I

-340 N Tripl- i.-' Darn~ah Tsbrug P,)rt Said
LDee jdanjlFeb Dec IJan!Feb DeclIJan IFeb Dec I JanlFeb

•. 3.73-03.11.7 Banghazi 2. 12.31 1.6 1, 1 ••1.0 0-.610-10
•'• • Deol-JanlFeb B /lurullti \

S•tL •2.612.711.'6 Dee JanFeb

S... rt /_V ._01 .113.0
D-_c--TJan lFeb AJdab ya• k1_. Mar
1.• 10.611.1 DeclIJan IFe De-ci Jan I Feb
LIBYA 4.714.61 3.4 "Wi•.-'g'.5 13. EG P

140 E 180 E 220 E 2" 30,

, I

Figure 5-7. Mean Winter Monthly Precipitation, North African C".%st.
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THE NORTH AFRICAN COAST
WINTER December-February
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Figure 5-8. 1 ypical Northeast Track of the Genoa Low.

W Most stations report one or two thundcrstorms a windward slopes get. the most. Tops are about 35,(XX)
month in winter, as shown in Figure 5-9. Areas on feet (W.5 kin) MSL.

Month: Dec I JarlFeb

MEDITERRANEAN SEA # Storms: .,

is less than 0.5 days

Misur-ata ý ,lz-34' N 11ý-0l_- De l Jan lFeb z
3NDeelJanIlFeb i 1e1 DU Alexandria

• • i ~Dee lJan iFeb DeclIJan IFeb

~~surt Deoi,,a,,ieb /ID-- a eb JanlFeb 1

IDDeelJc Iaeb
01 *1 0

LIBYA EGYPT

140 E 180 E 22° C260E 3T EI,,I, 2"1 EI3 /

Figure 5-9. Mean Winter Thur.derstorm Days, North African Coast.
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THE NORTH AFRICAN COAST
WINTER Docember-February

"TEMPFIRATURE. Mean daily highs in winter range sub-freezing temperatures to the western two-thirds of

from 54c F (12"' C) a' Shahhat to 710 F (220 C) inland the region. Extreme lows along coestal plains vary from
ove'r the Nile Delta. Lows ran,,,- from 390 F (40 C) at 250 F (-40 C) at Tripoli to 32) F (0° C) at Banghazi. In

Nalut to 570 F (140 C) at the Rosetta Lighthouse on the the Nile Delta, extreme lows range from 280 F (-20 C) at
Nile Delta coast. Southerly winds bring extreme highs of Gharyan to 370 F (30 C) at Alexandria. Nalut's extreme
80-990 F. Continental polar surges from Europe bring low is 190 F (-70 C) in January.

Month-Dec I Jan i Feb
MEDITERRA NEAN SEA Mean Max: I I

Mean Min : I

Dec JanlFeb (VP*
64 162 165 Daghlazi_. Tubrug
48 145 47nFeb DeclJanlFeb Port Said
3 N j6 163 164 67 162 164 Matruh DeclJanlFeb/Surf 53 150 157 _52 1418 149 DecliarnlFeb 69 166 168.

Dec IaJan IFeb Fb

67~ ~ ~~ 5 164 1-66 6F1415 55111;

-300°N DeclJanlFeb 59 150 1• • C ir ,

Al Jawsh 61 Adjabiyah Dec lJanlFeb
DeclJanlFeb44 142 144 DeclJanlFeb 66 164 168
67 -6 i167 68 165 168 LIBYA EGYPT 48 145 148
46 144 1116 48 145 1416 !

140 E 180 E 220 E I26 E 300 E
I I i I 26, I

Figure 5-10. Mean Winter Daily Maximum/Minimum Temperatures (F), North African Coast.
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THE NORTH AFRICAN COAST
SPRING March-May

(.,ENIRAL WEATHER. Movement of the Azores the Nile Delta, stratus with bases of 800-1,2X) feet
High shifls the mean Polar Jet into the western (245..365 meters) forms from moisture trapped under the
Mediterranean Basin while the Subtropical Jet intensifies nocturnal inversion layer. These decks dissipate between
over west-central Africa. The Saharan Heat Low builds 09(X) and I I(X) LST in the warmer, drier air.
during the spring, creating weak southeasterly flow in the Fair-weather ctmulus lorms in the afternoon ahlog lhe
regin's western portion. A prominent area of coast with bases at 4,000-5,0(X) feet (1,220-1,520 meters)
cyclogenesis develops along the Atlas Mountains, and tops to 7,5(0 feet (2,285 meters); they usually
spawning lows that often track northeastward through the dissipate by late afternoon. Ceilings below 3,000 feet
Gulf of Sidra. After March (but most frequently in later (915 meters) are common in these fair-weather clot Is;
April), hot and (try southerly winds from the Sahara (the Figure 5-1 1 shows relative frequencies.
Khamsin or Ghibli) bring dust, sand, high winds and
high temperatures to the region, but little rainfall. The Clouds associated with transitory lows diminish after
Polar and Subtropical Jets may interact with surface low mid-April. Nimbostratus is very rare, but scattered
pressure to produce strong, well-developed cells. There cumulonimbus or towering cumulus can occur along cold
are about eight low passages during a typical spring, fronts; bases are 4,000-5,000 feet (1,220-1,525 meters),

tops from 25,000 to 50,000 feet (7.5-15 kin) MSL. Bases
SKY COVER. Although cloudiness diminishes in the may lower to 500 feet (150 meters) in heavy showers.
spring, Atlas Lows and moist air keep cloud cover Although altocumulus and altostratus occur with Atlas
relatively high. At sunrise, the sea breeze pushes Lows and upper-level disturbances, they are not
extensive stratus and stratocumulus decks onshore. extensive because Atlas Lows are normally dry. Bases
Localized amounts of stratus/stratocumulus are functions are between 8,0(0 and 15,000 feet (2,440 and 4,570
of land/sea breeze strength and terrain, Bases are meters) and tops in multilayered clouds reach to 21,(0)
generally 2,0(X)-3,00() feet (610-915 meters), but feet (6,400 meters). Thin cirrus develops at 18,0(X) feet
mountain stations may report similar clouds with (5,485 meters) near Subtropical Jets, Atlas Lows, weak. 500)-fbot (150-mcter) bases. Tops are 3,000 to 6,(XX) ieet upper-level disturbances, and thunderstoims. Thunder-
(915 to 1,830 meters) MSL on windward slopes. Over storm blow-off may reach 50,000 feet (15 kin) MSL.

Hour:05111117LST
MEDITERRANEAN SEA o: I T% is less than 0.5%

Zauara *L9les
04110116 Alexandria

34 101111 6 l4isurata Darnah 05111117
0411011 ] 04110 116az 0•4110116 llm23132 .118*

8 11 12018-•-•- 0 10 124 122 ---- - - Port Said

LSIYtA 00561117 05111117

61 ~~- 112E Y T91 517
04E180 11 1111 EI IU2Tp - E 3 0 E

04110 41 01hha

o~ l ioI 16 201 13 1 10 .51 1 1 Ismalia81 121 8 A'dabiyah 2011311 051111

LIYA iI11 EGYPT 91 5 17i

140 E 180 E 220°E I260 E 300 E

Figure 5-11. Mean Spring Frequencies of Ceilings Below 3,000 Feet (915 meters), North African Coast.
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THE NORTH AFRICAN COAST
SPRING March-May

VISIBILITY. Spring visibilities are generally poor as Early morning fog causes most low visibilities in the

frequent Atlas Lows raise (lust and san(. As shown in Akhdar Mountains and the Nile Delta. Low clouds

Figure 5-12, visibilities are below 3 miles 1-14% of thi hbecome fog on higher slopes.
time along immediate coasts, 6-25% inland.

Flow from the Saharan Heat Low transports dust into
Winds above 25 knots near Atlas Lows and their the area above the marine boundary layer, where it settles

trailing cold fronts can reduce visibilities to I mile. Hot, and combines with haze. Ha7e alone rarely lowers
extremely dry winds gusting io 30 knots create massive visibilities to less than a mile; they normally remain

dust storms. Walls of dust several hundred feet high and above 6 miles. Visibility may drop below a mile in dust

a mile or two long are common. Dust can extend up to haze, which is particularly dense around Adjabiyah, but 5
20,(XX) feet (6 kin) MSL. or 6 miles is more common. Heavy showers and

thunderstorms can also lower visibility below a mile
briefly.

MEDITERRANEAN SEA Hou,-:05111i17LST• %: I I
Zauara is less than 0.5%
04110116 is Missing Data

340N surata B ai Darnah 05111117S 0 411 0116 Tloxand____a

04110116 041016 04110116 71 21 2

30 Ti 7l.1 31 '4 , ' 05111117 T ,i
6101 21 1 Az Sa1LU Port Said

A b31h1_ 5111117 0 5111 1

04110116 11 31 31 81 3

I10116 2ha2hat

o1 I 91 I3

C1 10- 60411oi116 *,-Matru
-30- N Ti .. " 121 31 4 T511T117Cr

0411o11•6 \ 51 71 7 -65-"T'7'11 1smalia
_T TiT Ai-aiya 11110 -i

LI YA0411I0116 - 051 111LIYA16252 EGYPT 31 91 3

14' E 180 E 220 E II260 E 30.0 E

Figure 5-12. Mean Spring Frequencies of Visibilities Below 3 Miles, North African Coast.
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THE NORTH AFRICAN COAST
SPRING March-May

* WWINDS. Although the prevailing synoptic flow is due northwesterlics diminishes in Ihe spring at most stationis,
westerly, intense spring surlace heating enhauices the indicating that Genoa Lows (the primary synoptic cause)
land/sea breeze circulation and makes it d(ominant, as become less frequent.
shown in Figure 5-13, Coastal stations have the
strongest winds, primarily in directions perpendicular to Atlas Lows gcnerate the region's strongest spring
the coastlinie. Nalut and Shahhat--both inland winds, primarily from the south or southeast. These are
stations--have the lightest winds, Tripoli is a coastal lxoally known as the "Khamsin" or "Ghibli". Gusts to 31
station, but relatively light winds are reported at thi knots have been reported at Sun, 43 knots at Bcnina, and
airport, which is about 15 miles inland. 45 knots at Darnah.

The Sahanan Heat Low induces weak southeasterly Upper-level winds begin to shift toward the northwest
flow in the region's western portion. This flow by May, as was shown in Figures 5-6a & b. This change,
penetrates to the coast, usually above the marine brought about by a combination oi the strengthening
boundary layer. The southeasterlies begin in April and Azores High and the weak high abovc the Saharan lent
persist through the summer. The frequency of Low, affecLs westrn: -ections first.

MEDITERRANEAN SEA
Baxighazi Darnah '

J' Trirvoli

Nal tShahhat Portluid

3Q'fl LIBYA "i• EGYPT

140 Eo 180 E 22 0 E 30OE
I I i

Figure 5-13. April Surface Wind Roses, North African Coast.
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THE NORTH AFRICAN COAST
SPRING March-May

PEIPI(I' IATIION. Most April-May rainfll is from trigger thunderstorms northwest of the lowv These
orograplihw rmimlslwers in the inount~litis (see Figure bec~ome severe as thc.y approach the Nile. They
5- 14). Atlas Lo)ws are mostly reponsitil, but actual occasiorally cause I5 o(xling whecn a low interacts with anl

aimlounts (lelpend oil the Path of'the individual low. The inverted Sudanese Low pressure tough (see the

northeast track extends fromr northwestern Libya across Sudanese Low dliscussionl in Chapter 2). Isolated
the (iuill of' Sidra and into the eastern Mediterranean. thunderstorms arc most common in April, especially in
The secondtary eastward track is along or south of' the Egypt where lows draw on Red Sea moisture;

Elgyptian coast. L~ows traveling along the southern route frequencies are all or below I a month.

MEDITERRANEAN SEA Month:Nar lApr IMay

Mar'jApr IMay jai h
340 N 1.010.410O.2 MrIA prabiyME

-30 N arlp'imyy 0.1.1. Maari~priaa

0.1,, . 0.410.2 10.1

LIBaYAn EGYPTl
140 Epr~a j18E I Ar IMa

14 E10 20E26 0 E 300 E

Figure 5-14. Mean Spring Monthly Precipitation, North African Coast.
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TUHE N4ORTH AFRICAN COAST
SPRING March-May

'IEMFRA'IJF:.Spring mecan dlaily highs vary fromi northern slopes andl result in the region's highest
,V t ~i PC)at Saluihat in March to 920 F (33' C) atl Al temperatuRts, inIcludling 102" F (3~9O C) ail Alexaiidria

iawsh in May. Mean daily lows range from 43 to 670 1F and 1210 F (490 Q) at Ez-Zauia. Temperatures are
(0( to 180 C), Khanisin or Gliihli winds from Atlas Lows lowest in March wl;e.n rare Polar Jet surges readh fix!
pass5 over the southern Nafusah and Akhdar Mountains; aica. Extreme lows rungc fromn 220 F~ (--So Q) tit Shahliat
they warm the air adiabatically while descending the to 440 F (7' C') mu Alexandria.

MEDIRRAEANSEAMonth:MarlIApr lMa~yMEDIERRNEANSEAMean Max: I-
Mean Mini: I

Mar____a Bankliazi TurC

-340 N 69 176f 18- MarlAp~riMay Ma!prla
69 174 1791 MrArIa-ý0-1~~X 57164--6 17-3- -7r Matruh Port Said

Star 5~ria 15rI 3r~a 5215 42jarIbp Ity2Maa h

752 183 19 79 51 156I EGYP 56 160,165
1452 157E 226E 2 / 0

300 N T1 ~~-17 1 61 4



THE NORTH AFRICAN COAST
SUMMER June-August

(GENERAL WEATHER. Summers are extremely dry below 5,000 feet (1,525 mecters) MSL. Stratus normally
as ihe Azores High's strong subsidence results in clear dissipates over the warm land between 09(X)-I 1(X) LST.
skies over most of the region. The Saharan Heat Low is
strongest in summer. Transitory systems are rare. The Rare upper-lcvcl troughs or early June Atlas Lows
only significant cloud cover and rainfall occur along the produce the only mid- or upper-level clouds.
mountains' northern slopes from orographic lift. Altocumulus bases are 10,000-18,(XX) feet (3,050-5,485

meters); tops are 20,000 feet (6 kin) MSL. Cirrus
SKY COVER. Where the land/sea breeze is develops above 20,000 feet (6 Ikm) MSL. These rare
well-developed, stratus and stratocumulus form over the disturbances also produce cumulus with bases at
sea al night and move over the coast with the sea breeze. 4,000-8,000 feet (1,220-2,440 meters) and tops to 10,000
These clouds only move iniand for about 10-20 NM, feet (3,050 meters). Cumulus from Atlas Lows have
however, because of the extreme aridity. Nile Delta bases at or below 1,000 feet (305 meters) in the
moisture also produces high amounts of low morning mountains and 2,500 feet (760 meters) on the coast.
stralus, as shown in Figure 5-16. Ceilings are Tops of the rare thunderstorm may exceed 50,(XX) feet
2,(Xi0-3.(X)0 feet (610-915 meters) on the coast, but less (15 km) MSL. During heavy showers, ceilings can lower
than 5(g) feet (150 meters) in the mountains. Tops are to 5(X) feet (150 meters).

MEDITERRANEAN SEA Hour:05111117LST
%: I I

Zauara is less than 0.5%
04110116

71 71 2Alexandria
N/s aai Da 05111117

.91101 5 911t41i0910 Ass luPotSi

Surt 0'111051i11117 05EP111117
Nl 0,4 -1-10116 A 410211 5

2410116 20 272 7 Sha600t 0
61 41l 0 -' -q _ 04110116 1 mat__

30-N k p-0i 6136130 05111117 Cairo
04110116 ',81 71 505111117 ""ai

7 1 61 1Ajdabiya4, _W1 31 1 0511111
LI1BYA 041101l16 il 1"IEGYPT 131 1110

14 180 iE

Figure 5-16. Mean Summer Frequencies of Ceilings Below 3,000 Feet (915 meters), North African Coast.

"The mid-morning stratocumulus that causes the low cumulus (shown in Figure 5-17a) develop in the Akhdar
ceilings near Surt may develop into coastal fair-weather Mountains where terrain slopes sharply upward fom the
cumulus that rareiy reaches above 5,000 feet (1,525 coast. Cumulus development along the Nafusah
meters) MSL or beyond 20 NM from shore; it generally Mountains, 40-60 NM from the sea, is less extensive--see
dissiipates in the afternoon. More extensive areas of Figure 5-17b.
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THE NORTH AFRICAN COAST
SUMMER June-August

MEDITERRANEAN SEA Sh hat

Al MarJ 
Dra

Batighazi 10

500 1000 1500 Akhdar Mountains
w32 00\ __ __ __ _

200E 210 E 220E

Figure 5-17a. Summer Source Regions for Cumulus Development in the Akhdar Mountains. The

two primary source regions (shaded) are separated by a natural break between two extensive ridges. Except

for the rare frontal passage, this area gets the only summer rainfall in the region. Contours are at 500-foot

(I 50-meter) intervals.

MEDITERRANEAN SEA

Zauara r T .

Tunisia •'

s/ - Libya

320P4' Al jawsh

/ Na , 3000 2000

2000

Nafusah Mountains

1,1°E 12°E 13°E 140E

Figure 5-17b. Summer Source Region ror Sea-Breeze Cumulus Development in the Nafusah

Mountains. Sea-breeze moisture rarely penetrates west of the source area (shaded). Downwind

development only occasionally reaches Misurata and the Gulf of Sidra. Contours are at 1,000-foot

(305-meter) intervals.
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THE NORTH AFRICAN COAST
SUMMER June-August

VISIIBIrI'IY. Morning fog is the major visibility thunderstorm dlownbursts can produce short (I- to
restrkition throughout the region. Figure 5-18 shows that 30-minute) duststorns that significantly lower visibility
morning visihililies are he~low 3 miles 0-14% of the time near large sand dunes, such as at Misurata, Adjabiyah, or
alh ig lhe coast, 4-30% iii the' moinlLiins, Radiational Port Said.
cooling or morning low clouds in the high mountains
cause most fog, which normally burns off by 1100 LST. Afternoon haze that forms within the marine boundary

layer or in the residual moisture of dissipated radiation
Afternoon visibilities are generally good. The sea fogs lowers visibility to 4-6 miles at some locations.

breeze at Misurata is strong enough to carry dust and Thick dust haze forms r.ear Adjabiyah in the afternoon as
sand from the shoreline over the airfield, causing lowered sea breeze moisture combines with dust--not only local
visibilities in the afternoon. Winds above 25 knots with dust, but suspended Saharan dust that settles into the
June Atlas Lows result in poor visibilities with blowing marine boundary layer. Rain restricts visibility only
(lust and sand. Local thermal turbulence and rare during a brief and rare thunderstorm.

MEDITERRANEAN SEA Hour:05-I IlTLST

Zauara is less than 0.5%
04110116 - is Hissing Data

71 21 2 Alexandria ý'/ . Misurata Darnah 05111117
___-041_10116 an416 I1 IS0411oi116 6T51

"91 11 3 0 21 1 1 AsBallm Port Said

041016 -L""•J%•_ -t'(, -- I E5111 10511117 0•1 11o17

04110116 '0 221 61 2 05-- 117'• j1liii I1 1 1 jdabiYah 3 31 -
04110116 Shah051111

LIBYA 04 312 EGYPT 60 11 0

14.0 E 180 E 220 E I 3°I
I I - # 1, 2610E

Figure 5-18. Mean Summer Frequencies of Visibilities Below 3 Miles, North African Coast.
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THlE NORTH AFRICAN COAST
SUMMERI Juneo-August

*WIN[DS. llow- is north- northwesterly with little "Die. mountains shelter southeri. lxa~ions from the, sea
'airialion; it most locations it reinforces the sea brecc7. breeze; synoptic flow combines with mountain/va~ley
and siippr.osses the l andl breeze. As shown in Figure. breezes to provide speeds below 7 knots.
5- I 4. wind d.irectionis aire mrosily perpendicular to the
co~tsthric and iceasl variable in the summer. The sea Upper-level winds, under the influence oi thc Azores
hrce/,e iN strongest In the sumrmer, oftenl penetrating 40 High. are northwesterly, as shown in Figures .5-6a & b
NM ininod. Speeds are highest, 7-16 knots, at the coast.

MEDITERIRA NEAN SEA D
"', 41 Tripoli

~ BarighaziPotSi

1E18E22 0E 30 0 E

Figure 5- 19. July Surface Wind Rose-., North Africamn Coast.

P'RECAIPlITATIION. Rainfall is so scarce in sumrn-r Rare summner shovven; aic caused by upper-level
(nian rainfall accumulation 0).I inch/3 mim or less) that disturbances generated by celd upper-level troug~is or
ilie customnary figure showing its extent has not been shoet waves; Figure 5-,'0 gives an ex.,,unpie. icime
jpto-'Jidd. Instead, refer to (he shaded areas in Figures locations in thc Naf'usah Mountains, average one

S- 1,7 and 1), Which show who2re the only regular sumnmer thunderstorm at summier, usually in June. East of'
raiiitll occuirs. Light mist, d1rizzle, and brief showers fall Benghazi, thunIrderstorms may nfiý oc;;ur at ;ill fov several
in Owe inountaili., above 1 5MN fect (455 mecters) MSL. summncas inl suc~cssion.

452



THE NORTH AFRICAN COAST
SUMMER Jufe-August

TEMPERATURE. Mean daily highs range from 80 to 150 F (90 C) in an hour, hut when the land breeze returns

104( F (27 to 400 C). The record high is 1330 F (560 C) (19(0.,2 ()W LST), the temperature rises again by as much

at Ez-Zauia. The marine boundary layer moderates as 150 F (90 C). Although riot shown in Figure 5-21,

tempcraturcs on the coast. The daily high is usually summer mean daily lows can range from 57 to 770 F (14

reached before 12(W) LST from late June Ihrough August. to 200 C). Record lows include 400 F (50 C) at Shahhai

A well-developed sea breeze may lower temperaiures by and 62° F (170 C) at Alexandria.

vonth:JunI Jul IAu

MEDITERRANEAN SEA Mean Max: IF
Mean Mn: I I

Tripoli aubr

-34'N Jun!JullAug JunJuIAug Jun Jul TAug
929398415un- Jl~ Mtu173 174 5- 80 182 182 FrtruL Por Said7'2 "/3 17W" 8i1-1 172" aunlI J--ul ]A•.1 Jun • u

- -r 67 Il2 17 OO-uaiF~u

Junl 7 Ju Iu 67 71 172 ; 1 19
94 185 M 71 7,4T5

Ju-n lJuljIAug
l Z-Zau•L 8_3 182 181 ;1

'300 ~N Jwh Jnq Ju I Auuuu..9 6 62 , Cairo"
Alj-U•JuAuh 9 1100! 100 AdUabta 59 16 6 •u--ul I Auj.

1021104•1103-7 1741 170 JunlJullAu•. Ll 92 193 191

70 170 11093 192 193 LIBYA • EGYPT 67 170 169
70170 166 16

14o E 180 E 22? E 26 0 E 300 E

Figure 5-21. M~ean Summer Daily Maximum/M.inimna Temperatures (F), North African Coast.
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tHE NbORTH AFRICAN COAST
FALL September-November

CENERAL WEATHER. Thei Azores High dominat~es. and move oushore with the sea breeze. Bases may be its
Noilthwesterly Ilow strcngdwhens andl gradlually introduaces ',ow as 5W5 feet (150o meters) in the mountains. Radiation
moisture lo the area, beginn~ng in the west. Cyclonit. fog bccoming stratus causes low morning ceilings
activity increases. Although an average of six throughout the Nilc Delta; this stratus, which usually
low-pressure systems travel through the central dissipates within 2 hours as the land surface heats, is
Mcdi-rrancan Basin during the fail, only three pass over responsible for the high frequency of low ceilings shown
the North African Coast region, in Figure 5-22. Cumulus forms in the warm, mioist fall

air as the sea breeze is sustained into the afternoon.
SKY~ COVER. Morning stratus and aft'-;moon cumulus Cumulus bases are 4,(XX)-8,0XX) feet (1,220-2,440
bec~ome more pronounced1 in fall. Stratus and meters), and tops range from 6,000 to 10.000 feet (1,830
stratocumulus form over coastal wateis during the night to 3,050 meters) MSL.

MEDITERRANEAN SEA H~our: 0511 1ll17LST
%7 I I

6.ur is less than 0.5%

9113111 Alexandria
340 N/ Misurata Bangazi a ah01 17
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u 0410 16 EG P 710139141091 54

,1411 191211 ShahhE I 6E3 0

Fi6ur 5-2 M0n4me1F1unis fCiigsBlw30011 et691 meater'sNrt iaCat

30'sior N ytes suchli as474 Genoa Lows,7 beoCnaatin ora. Mliere atocrusan

Foveroer t-22 reain. CimmrFrusuwthnbaes nf earng B8eX)mylowe to,500 feet(1ete(1s0,meters AfL.cNimboastraus

sut 5,485 mtrcks) re ahesfallad )sfeadexte(15sive MSou L o howve,W iseery ra7.5t15k)Inhaysoebss
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"THE NORTH AFRICAN COAST
FALL September-November

VISI llllrrY. The IIlci(hnnCit' 1f log and low visibilbdy nlormally 4..0 nijiis, Nut me bclow , itlA's a'.w

dlc(wIa 'cs ill fall, but I hey are still c( i i in (Ii Ad.thti):AI a h, y o sI t an.d sand carric by winds ovem- 25

morning west or the G(ll of Sidra, in the mnountains, and knots reduce visubhilieis to a mile or less and can lilt dust

within the Nile Delta (see Figure 5-23). Dust haze is to 20,(Y'I fet (6 kin) fSI..

common between 12(W) and 1600 LST; visibilities are

MEDITERRANEAN SEA Hour:051 I 17LST

Zauara is less than 0.5%

04-j -116 - is Missing Data

30N41 31 2Alexandria 
f

34.tmut t~a ]Banghaziznah 05- 111
.04B 10A 16 041101166 "1 *1 131-11 2 ll 31 2 0!101 1 An• .13Jllum Port, &Uld

63t 051G11117 05111117

041 0-- -116 1 31 2 S t36-I41--2 041o1016 Varu

-300 N Tripoli 6t 12.k a 2 t05111117 ; o04-110116 \ 2 51 ,051!111
A1 l ah•_• 211 J1 I- a

LIBYA04110o!16 0 o5111117LB A6!1131 5' EGYPT 261 "1T"2

140 E 180 E 220 E 260 E 300 E mr
f - I I -t - I-01= 11 I . --

Figure 5-23. Mean Fall Frequencies or Visibilities Beýlow 3 Miles, North African Coast.

WINDS. Surface flow is westerly to west-northwesterly most ri'gWt. Elsewhere, land breezes average 5 knots;

at 8-15 knots. The strongest winds rarely exceeo 40 sea breezes vatry from 8 kn~ots at Tripoli to 12 krot:, at

knots and usually occur with frontal passages. Figure Misurata. Speeds are highest along immediate coast-,.

5-24 shows that land/sea breezes are pronounced along Drainage winds from thc Akhdar Mountains intensify the

most of the coast. The prevailing flow overshadows the noczjrnal circulalion; Benina •as 10-17 knot winds at

weak (3-5 knot) land breeze along the Nile Delta's coast night and 6-10 knot winds during the day.

and maintains a strong marine inversion over the land on

-, MEDITERRANEAN SEA '
Banghazi Drai1

4 - Tripoli

EGYP

Zaua ra Por Said

. Nalut Sata

____1 ' 0  LIBYA
14OE 18oE 22 __ __ --_._-, 30ŽE

Figure 5-24. October Surface Wind Roses, North Africln Coast.
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THE NORTH AFRICAN COAST
FALL September-Novtmber

* 'l PR( IPI'lA'(ION. Frontal activity increases alontg southward-indented coasts. Figure 5-25 giveN
d ranti aical Iy in No vembl e; a~.1 a 1st Sti lt ion, 1-1611'111 iS PI C nieai i a mi Iy pei~c pt it a at ouIl. The re is also ain

inore thani douledk fivom September to Novctnh'~r. Most incw.rase in thunderstorm frequency, as shown in Figure
rain falls in The flounltails, the least, in the east and 5-26.

Mornth:SeplOctlNov
MEDIT"ERRA NEAN SEA Inches: II

* is less than 0.05 inche's

2)40 N Tripoli
SepjoctlNov

L.41.YA . Tub1.'12. EGYPT 0. 0211

sur, Spl~tMov h: ep l~ct Nov

~iolI le0sthan 051da0

\ 'I il 1 Se0.010.211v
LIBYA 011422EGYPT
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Figure 5-25. Mean Fall Monhly Peciptor ayio, North African Coast.
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THE NORTJI AFRICAN COAST
FALL September-November

Tl'Mrl;RATLORI'. MIean daily highs range from 67 to range from 50 to 760 F (9 to 240 C). Extreme lows range
980, F (19 to 370 Q). The record high is 1360' F (580 C), from 240 F (4' C) at Shithhat to 480 F (90 C) at Port
at Ez-Zauia. This is also the worldl's official record high Said. Al Marj and Damah have both recorded 330 F (io
teniperature. It occurred when an Atlas Low brought C). Shahhat is the only locatioNi that records sub-freezing
strong southerly windsI to the area. Mean daily lows temnperatures during thc fall.

MEDITERRANEAN SEA Mean Max :Se INo
TrA2ipoliai ea in
SeplOctlftv Se lOct Nov Z ý otSi
89 181 171-831014Spa QNoL

34 N 70 163 1547 6916 16_____8714 7

pjzj..!io AdIO~o Marhbi - 0
Sep 1821768 Seploctifty

LIYA 70 61 57 925 1EG58

Al 0 a8 0 E S2ep 260 300E~

FiSep 5-27.o 79a Fall 16i7Mxmu/iiu emeaue () ot frcnCa
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Chapter 6

THE EASTERN SAHARA

The Eastern Sahara region comprises most of Libya and Egypt, the northern portions of Chad and Sudan, and a
small part of Ethiopia. The region includes the Libyan Desert, the Nubian Desert, and the Nile Delta. After
describing the area's situation and relief, this chapter discusses "general weather conditions" by reason.
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iHE EASTERN SAHARA SITUATION AND RELIEF

BTAT ION: KhIAtyA&UIUU:AItLLL jYA
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-Mia DAY 1.7 22 0.9 04 0. 5 0.4 0 **176.8 2.6 2.1 1.5
T * * * * 0 0 1 1 ' 1 3
D)i-ST DAY -3 3 2 -- 2 1 0 1 1 2 2 19

"-PP TF.I'p"-T -7 72 81 90 L18 1301 130) 1304 1304 130 115 97 78

tS1RATiUR KUl-]'R AL, KUFRI'AHI bI hiYllA/,#A2•• .. I~e:

______LAT/LON: 2AL -_ 23 0 XLIV: 2l _

i IT HAX 90 99 104 118 11 12 111 115 108 108 11i9

AVG MA 70 73 01 91 99 102 LOO 100 97 90 el 72 Be

AVG HIN 41 45 50 59 68 72 73 73 70 61 52 43 59

KXT HIN 26 28 33 45 48 60 82 63 58 39 37 30 26
AVG PRCP 0 * 0 0 * 0 0 * * * 0 * 0.1

MAX MON * 0.3 * * 0.1 0 0 0.4 0.2 * * 0.1 0.5

MAX DAY * 0.2 * * 0.1 0 0 0.4 0.2 * * 0.1
TS DAYS 0 0 0 0 0 0 0 0 0 1
DUST DAYS * 1 1 1 * 0 0 0 * * 3
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Figure 6-l1b. Climatological Summaries for Selected Stations in the Eastern Sahara.
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STATION, WADI HALFA SUDAN .
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BLEMINTB JAN 1KB MAR APRM MAY JJUN JUL IAUG SE81P JOCT NOV D19C IANN

KiT MAR 100 102 1111 11 118 1124 120 118 115 106 99_1 124

AVG MAR 74 1 78 8 87 1 96 1103 1j07 1106 o106 1103 98 87 17 94
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Figure 6-1c. More Climatological Summaries for Selected Stations in the Eastern Sahara.
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THE EASTERN SAHARA SITUATION AND RELIEF

. (G()(ERAPHY. The northern border of the Eastern the highest of these is Sudati's Jabal al-Uwaynat, at
Sahara begins in the west near Nalut, Libya, and runs 6,343 feet (1,934 meters).
east across the Nafusah Mountains' southern slopes to
within approximately 20 miles of the Mediterranean The Nubian Desert is a large sandstone plateau
coastline along the Gulf of Sidra. The coastal strip averaging 1,640 feet (5W) meters) in elevation. It is cut
widens along the Akhdar Mountains' southern slopes by numerous wadis (semipermanent stream beds) sloping
cast and south of Banghazi, Libya, and joins the eastern westward out of the Red Sea Hills and creating shallow,
border along the Red Sea Hill's western slopes southwest silt-filled valleys. The Nubian Desert gradually slopes
of Suez, Egypt. up eastward from the Nile Valley to the base of the Red

Sea Hills, a mountainous rift zone on the Red Sea from
The eastern boundary follows the 610-foot the Gulf of Suez to the Ethiopian border. The eastern

(185-meter) contour along the eastern Red Sea Hills slopes of this narrow mountain range are steep,
southward to Tokar, Sudan. It then jumps to the characterized by parallel ridges with rugged, isolated
1,620-foot (495-meter) contour, which it follows peaks that reach 7,412 feet (2,259 meters).
southward along Ethiopia's Baraska Valley to 16' N.
The southern boundary continues along 160 to the The Tibesti Mountains lie southeast of the
Chad/Niger border. The western boundary follows the Mid-Saharan Rise and cover 38,600 square miles in

western borders of Chad and Libya north to the Nafusah northwestern Chad and southern Libya. Extremely
MountsIins. rugged rock formations shaped by intense wind erosion

rise abruptly from the desert floor. The highest point in
Two mountain ranges help divide the coast from the the region (Emi Koussi, at 11,204 feet/3,415 meters) is in

Sahara. The Nafusah Mountains, in the extreme the Tibesti Massif. Emi Koussi is the largest of five
northwest, extend 185 miles along the Mediterranean volcanic peaks over 10,000 feet (3,050 meters). The
coast and average about 3,(XX) feet (915 meters) in Ennedi Plateau in northeastern Chad contains sandstone
height. The Akhdar Mountains are further east; they peaks at more than 4,700 feet (1,430 meters) MSL.
extend 145 miles along the Gulf of Sidi-a's east coast.
Average height is 2,500 feet (760 meters). DRAINAGE AND RIVER SYSTEMS. The Eastern

Sahara s only permanent river is the Nile, which flows
The Eastern Sahara is a vast plateau covered with northward 1,200 NM through Sudan and Egypt to the

sand and rock. Elevations range from 600 to 1,2W0 feet Mediteranean. Seasonal tlooding produces a fertile, 10
(180 to 365 meters). Isolated lowlands contain the only to 13 mile-wide, silt-filled floodplain that contrasts with
ground water and vegetation, the barren desert. The Atbarah River, which rises in the

Ethiopian Highlands and joins the Nile in th region's
The Nile Valley, a broad, silt-filled feature frorn I to southeast corner, is its only permanent tributary.

13 miles wide, covers the entire eastern portion of the Navigable in the flood season between June and August,
region. It spans 1,200 miles from south to north. Steep it dries to a series of pools after August. The Nubian
cliffs that reach 1,640 feel. (500 meters) MSL cut through Desert contains many wadis that lill with surface runoff
(he sandstonc plateau. The Nile Valley divides the after an infrequent rainfall; none normally join the Nile.
Sahara into two deserts: the Libyan Desert in the west
and Ihc NuI'bian D)escrt in the east. LAKES AND RESERVOIRS. The Eastern Sahara is

(lotted by numerous fertile oases and barren depressions
The Libyan Desert includes the Mid-Saharan Rise, a with salt marshes and salt pans--thin, sun-baked surfaces

large plateau extending eastward from Algeria to 20' E. with spongy muck beneath the crust. Elevations are

This desolate feature is covered by gravel and sand. It mostly below 330 feet (1(X) meters), and several

slopes downward to the east, averaging 1,640 feet (5(X) depressions and oases are below sea level. The largest
meters) in the west and 660 feet (200 tmeters) in the east. oasis is the Kharga in south-central Egypt. Its basin is
Ancient lava flows offer slight variation tc, the 2(X) miles long and 30 miles wide. The Siwa Oasis, in

monotonous terrain; the highest of these reach 4,WX) feet northwest Egypt, is 100 feet (30 meters) below sea level.

(1.220 meters), but generally average 2,1(0 feet (640 The Siwa basin is 50 miles long and 10 miles wide. It

meters). Hundreds of isolated and weathered rock contains several small salt lakes.

ouicroppings protrude above the Libyan Desert floor;
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THE EASTERN SAHA-iA SITUATION AND RELIEF'

The Birkct Karun, a lreshwater lake 23 miles long and miles from the dam to the Egypt/Sudan border. Width
4 miles wide in northeastern Egypt, is separated from the varies from 6 to 36 NM.
Nile by a narrow strip of desert. It is 150 feet (45
meters) below sea level. Also known as the Al Fayyum VEGETATION. The landscape is barTen except for
Depression, this lake was once connected to the Nile by isolated clumps of grass and small shrubs along wadis.
an ancient Egyptian canal system. Lush grasses and palm trees grow in oases. The Nile

Valley contains 98% of the region's plants. There,
The Qattara Depression covers 7,2X00 square miles in aquatic grasses and acacia trees grow, along with

northwestern Egypt at 436 feet (133 meters) below sea irrigated cash crops. Small shrubs are mixed with
level. Its surface is salt marsh and desert salt pan. isolated grass clumps in isolated mountain ranges. The

Tibesti supports some agriculture. Isolated open
The Aswan Dam forms Lake Nasser, the region's woodlands and savannah thrive in cooler surroundings

largest man-made reservoir. The lake extends south 3MX) above 5,000 feet (1,525 meters).

0
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THE EASTERN SAHARA
WINTER Decomber-February

G(ENERAL WEATHER. The Azores High is at its 20,(Xi) feet (610 and 6,1(X) meters). Embedded towering
*southernmost pXsition; westerly flow at all levels is cumulus or cumulonimbus reaches 50,000 fect (15 ki)
reinforced by the Saharan High. Cyclonic activity and MSL. Cloud bases can be as low as 5(X0 feet (150
frontal showers characterize winter weather. A cold meters) in heavy showers. All clouds remain clase to the
front moves southward over the region every 3 to 5 days. frontal boundary. Altocumulus castell, ius can develop
Winter low-pressure systems, such as Cyprus and Atlas during disturbed weather. Rain may fall from these
Lows, move northeast or east over the Mediterranean clouds, but it rarely reaches the ground.
Sea, which, along with the North Atlantic Ocean, feeds
the lows with moisture. Significant cloud cover and Afternoon stratocumulus with 2,500-foot (760-meter)
frontal precipitation is normally limited to the immediate bases forms over local moisture sources, such as oases.
vicinity of low-pressure centers and cold fronts, which This results in the higher frequencies of ceilings below
weaken appreciably south of 250 N as moisture 3,000 feet (915 meters) at Siwa shown in Figure 6-2.
dwindles. Stratocumulus and cumulus ceilings between 3,000 and

5,000 feet (915 and 1,525 meters) are between 5 and 10
SKY COVER. Winter is the cloudiest season over the times more frequent than those at 2,5(X) feet (760
northern two-thirds of the region, but least cloudy over meters). Strtus is very rare. Most ceilings below 3,(XX)
fle southern third. Mean cloud cover decreases from feet (915 meters) south of a line from Sabhah to Asyut
35% in the northwest (closest to storm trazks) to 14% in are the result of blowing dust; most of these ceilings are
the southeast. Fronts cause formation of stratocumulhus, below 8W0 feet (245 meters).
altocumulus, and cirrus in layers between 2,000 and

Tunisiw - . Mediterranean Sea/

I~~ J-Pýu

,,T_ 19-_T I Bahariy

3. o, 11 1 Hun > *20
II~0 1 t* _/ %.0-713119 07113 19 .30% --'o*4 , 21 61 0

/-bhah-t •oooo" 0--1- 20 Luxor

L9 2bya 20% -0-1 - 2 0811 20I-•_°~EIPag **1 i' • & . .L 31 1.

081111-0 * II I

AleiXurra 101 210 Aswan (;y~
07113119 Ty t 81-14120

01~0 iiyp -

115% Abu aad

200 081 14120
"Faa Largeau - &_1 i

0 t08114120Ni-r0•711'3119--- ! IO Atbarah•

Chad S Su'ýa4 01 1 0
el , -is missing ata

150 N is less than 0.5%,
0 200 400 ltour:07I13119LST

Nautical Miles
100 E 1 200 250 300 350

Figure 6-2. Mean Winter Cloudiness (Isopleths) arid Frequencies of Ceilings Below 3,000 Feet (915
meters), Eastern Sahara.
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THE EASTERN SAHARA
WINTER December-February

Fronts dry as they move over die Sahara. Subsidence thereby increasiag the northeasterly Harmnttan winds,

and surface heating reduce cloud development further, which raise moe dust and lower visibilities drastically in

but intense Atlas Lows occasionally pull significant Harmattan Haze (which see) south of 200 N.

amounts of moisture northward from the equatorial

Atlantic and temporarily suppress subsidence over the Fog and haze form between 2000 arid 0700 LST in the

Sahara. Upward motion and moisture aloft produce extreme north behind cold fronts when there is strong

extensive cloud cover and rain. northerly flow off the Mediterranean Sea. This is the

reason for the 4% frequency of low visibility at Asyut

VISIBILITY. Suspended dst is the greatest cause of shown in Figure 6-3. Morning fog and haze, with

reduced visibilities. Dust haze restricting visibility to visibilities between 4 and 6 miles, develop under stable

between 3 and 6 miles is common. Cold fronts, followed conditions near localized moisture sources such as the

by strong, cold Saharan Highs, commonly cause most Nile Valley, desert depressions with salt marshes like the

dust and sand stornis. The strong highs increase prcssure Qattara, and large oases. A rare heavy precipitation

gra(;ients between themselves and the Monsoon Tiough, event cain drop visibilities briefly to 3 miles or less.

Tunisial Mediterr'anean Sea/

300~- 211
07113 19 3U Bahario

1 0713119 0771-3119 0811120

i -216 -1' 41 6 5M1T4h120 0 20
11 31 1 Apxut.,

08114120 Luxor- bTaf1 Libya 41 11 F 08114120
250 07113119 1-61 51 2

25 2 II1 I E1L-KhLarMI • 08114120 .

Lira L Aswan07113119ra 21 21 1 081141J20
•.•---. 07113119 Egypt 041 41" 1

""""21 21 3Egyp;4 -

"N "I Abu Hamad
08114120

200 Do ""ngola* *131111 8

.Niger 07113119 2 21111 5 Atbarah

31201 2* 211! *08114120

Chad 1 Sudan 41 31 0

- is missing data ,'

15°N ( is less than 0.5%,

( 0 200 400 Hour:07l 131 19LST I
Nautical Miles %:.. I.. I..

IO0E 150 200 250 300 35u

Figure 6-3. Mean Winter Frequencies of Visibilities Below 3 Miles, Eastern Sahara.
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THE EASTERN SAHARA
WINTER December-Febnmary

Khanisin oi Ghibli winds (which see) cause winds behind the cold front also raise dust and sand, hut
duslsto;ins that lower visibililies to near zero across conditions are less severe and less persistent.
Egypt and L.ibya. Thewe storms lasi for several days.
They diminish during the night and strengthen during the WINDS. The Azores and Saharan Highs determine
day :Aong slow-moving cold fronis. The low visibility low-level wind flow; a station's location relative to the
frequencty shown at Faya Largeau and Dongula in Figure average position of the Saharan High (22° N, 200 E)
6-3 shows thal these storms make visibility worst during determines its prevailing winds. Prevailing directions in
the a'tcrnoon. These two staions are affected most the southern and eastern parts of the region vary little
bhcause they are surroundcd by the easily-lifted, fine because the few synoptic disturbances that reach them
sand and dust of the Libyan Desert. are weak. Faya Laigeau and Aswan are in valleys that

channel winds in the same direction as the synoptic flow;
Khanisin.. or Ghibli-generated duststorins may affect speeds average about 8 knots. Highest speeds are at Faya

an area 120 miles wide ahead of the front; dust may Largcau (15 knots), where winds that have swept
reach 20,(AX) feet (6 kin) and visibility can be less than unimpeded across the Libyan Desert are channeled.
1/2 mile. Turbulent mixing aid strong west to northwest

Mediterranean Sea
I "

""\ ;--,

rLibya: y "

Sabhah 22i

LirFaya Large /

IC a _J Sudan '

- 1 5 0 N t I * .n d S p- 6j 7 - 1 1 7 - f' - O I 5 •S0 200 *40 - -

,- \-- ~Nautical Miles ,,../
l O°E 150 20° 25v- 30° 350

Figure 6-4..January Surface Wind Roses, Eastern Sahara. Note that the scale for the direction frequency
at Atb'arah is half that of the other stations.0
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THE EASTERN SAHARA
WINTER December-Februrry

Winds at 10,M(X) feet ý3 km) aic westerly to Stream core is centered over the region. Figures 6-5a-c
uorthwestcrly. Montt.ly mean wind specds at 30,C%) Itcet show wind directions aloft at .elected stations; note that
(9 kin) are. usui, ly hctww.n 5(0 and 80 knots, bul they the wirki directicr axis in these figures has bier, ,;0ilted
vary significantly with height because the, Subtropical Jei 180 dg:Mes.

315

5r 0, 0 f

. I

, , / \ .
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Figure 6-5a. Mean Annual Wind Direction for D fngola, Sudan.
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Figure 6-5c. Mean Annual Wind Direction for Sabloah, Libya.
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THE EASTERN SAHARA
WINTER December-February

PREI~CPITATION. The Libyan Desert is one of ;he the site's setisonal rainfall total for a 2- or 3-yiuir period.
dIriest areas in the wodd~. Fronital showers and Rainfall occurs once or twice a month north or 260 N
thunderstorms cause most winter precipitation; steady along trailing cold front~s, The area south of 260 N
rain and drizzle are very rare. Snow is extremecly rare averages lcss than one rainfall day a winter. Mean
except at elevations above 3,(XX) feet (915 meters). precipitation statistics are not an accumrate reflection of
Significant winter rainfall episodes (above 0.1 inchics--2 potential rainfall accumulation or potential flood damage
mm) are nonfrontal; they occur beneath a culd that might result from a single thunderstorm. Maximum
upper-.level trough or a closed low, such as with the 24-hour precipitation in Figure 6-6 is more representative
intense Cyprus Low shown in Chapter 2 (which see). of this hazard. Semipermanent stream beds, or wadis, fill

rapidly and can carr y water for significant distances.
S,'uth of 300 N, the frequency of' showers and Upper-level inslability, rather tha-n migratory low

thuiider storms varies significantly from year to year. centralI-pressure readings, determines the difference
One rainshower or thunderstorm can account for 90% of between rainfall and virga.

Tunis iai MediterraneanSe
Ghadauea 4*N
DeclI4anT:Feb

\o.1i0.*01 De-c iJan[IFeb

300 0 8 0. 2 1 0. 10 1
-~ ~ 6Je ane Feb

eciclanlleb

25 a.I ij LIBYA 0.05 -
0.11 011.2

Algeria Kufra *EGYPT DeclianIFeb
- .~ DecijarIlFebi 0.1___3_

a 1- I I 01 4
-- TN7T 5iNO Waft HalfaT

a a aui DecljaraIFeb

200) DeciJanIpeb ____4___a

01 *1 0 0.210.J10.3 t
01 _V _ Fada I

.Niger Diecl~AnlFeb DecIJan Feb

CHAD__T _ SUDAN *T-fl*fI

Month:Dee IJanIF eb,
156 is less than r- - t-1 Mean Monthly:..4...K! ..~

0.05 inches 0 200 400 Ma-1H:......
Nautical Miles a 4r...- .

1 00E 1 0 200 250 300 350

Figure 6-6. Mean Winter Monthly/Maximniuw 24-hour Precipitation, Fastern Sahara. Isohycts represent mean
sea-4mal rainfall totals. Maximum 24-hour pre-cipitation statistics for Hun and Fada are not available.
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THE EASTERN SAHARA
WINTER December-February

lEMPERATURI. As shown in Figure 6-7, winter 1090 F (430 C). Temperatures above I(X)' F (37' C)

nights arc c(-)l and days are mild. Radialiv! proce;ses occur in every winter month throughout Chad and Sudan

pro(lucc large diurnal temperature ranges. The highes! because ,ronts do not consistently penetrale south of 200

winter temperatures occur with subsidence aloft when N. Extreme lows range from 160 F (-90 C) al Hun to 410

transitory continental high pressure intensifies over F (50 C at Abn Hamed. It is estimated that temperatures

northern Africa. Jalu has reached 89) F (320 C) under have dropped to as low as 100 F (-120 C) over the Tibesti

these conditions. Faya Largeau's winter extreme high is Mountains above 7,00X)- foot (2,135-meter) elevations.

Tuia~s ",-,-,.• •Mediterranean Sea
Gbadaa•, . , Siw /

\ DeelJanIFmb -J Dec-JanlFeb - iI,661 641 V9 TO Io 6T171t-- ,.-" I
L 401 371 40 B 81 41 ... x \3

300 a. Jalu keIan~b

SD-ec'I Jan I Feb DecIJanIFeb DeeIJanIleb

691 671 71 711 - 81 72 t 711 681 72
411i 371 410 4161 413 45 I *1131 4131 145

Sabbah T. TazLrbu EGYPT -_ I

_De _IJan_ eb DecljaniFeb E14 -'harga,651 651 7 31 3 T77_, ,..,1 -41 -4T 1. _\%
Alg LIBYA Kufra 1 721 721 7 DecIJanIFeb ".

DeciJanIFeb_ 1161 131 115 781 741 78
731691(11531 501 5~201 73 691o '1 "° a •. .•o,. I
461 F2T-V Abu Hauoad-A

I Wadi Halfab DecIJanIFeb
NI DecliarilFeb

200 N- 7 8161 80 *591 551 57
/ L CHAD 1191 1°6 " *591 51 7
Faje I anFeb .Atbarah V

.Niger Dee JafIFeb4 DecIJanIFeb
983 831 817 .890A
- -5,6, 1 5.,, SUDAN6-9001 571 591

o - /Month: DeclJanlFebet

i- 5 , , , . , M~iean Max:.. . .
200N 40 Mean/ 0 200 •I00 Mean Min:... I...I . I

1 0 ,)E- . Nautical Miles
/10 !50 200 250 300 350

Figure 6-7. Mean Winter Daily Maximum/Minimum Temperatures (F), Eastern Sahara.
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THE EASTERN SAHARA
SPRING March-May

GENERAL WEATHER. The Saharan Heat Low lonns SKY COVER. Mean cloud cover increases to 18-25%

in April and erodes the quasi-stationary high-pressure in the southern third, but decreases to 20-30% in the
ridge over northern Africa. It establishes a low-level northern two-thirds de;spite an increase in Atlas Low
southerly or easterly flow of dry desert air over the activity. Mid- and upper-level cloud cover increase
subregion's western half. slightly, but higher surface temperatures and dry Saharan

air reduce cloud amounts below 8,000 feet (2,440

The Azores High's northwestward shift produces a meters). Moist and cool Mediterranean air carried

s;outhward migration of cyclonic activity from the southeastward behind Atlas Low cold fronts creates

Mediterranean Sea to the Atlas Mountains. Hot, dry stratocumulus and cumulus inland over the northern
winds and frequent duststorms are common with these Sahara. Bases are 3,000 to 7,000 feet (915 to 2,135

Atlas Lows. The Monsoon Trough surges northward for meters) and tops reach 9,000 feet (2,745 meters).

1-3 (lay periods south of 180 N, but it occasionally Embedded towering cumulus and cumulonimbus can

moves northward to Dongoia and Abu Hained. extend to 50,000 feet (15 km). Bases can drop to 500
Low-level moisture and southerly flow produce isolated feet (150 meters) in heavy rainshowers.
rainshowers by late May.
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Figure 6-8. Mean Spring Cloudiness (Isopleths) and Frequencies or Ceilings Below 3,000 Feet (915
meters), Eastern Sahara.
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THE EASTERN SAHARA
SPRING March-May

O The invading cool Mediterranean air mass warms and ýc,.ctor. Strong Khamsin winds may drop visibilities to
drie:€ rapidly over land, cloudiness disappears I(X) miles near zero for 6-12 hours during the day. Although
inland. Equatorial moisture occasionally moves visibility improves during the night, it det.riorates again
northward within the warm sector of dcep Atlas Lows. the next day. This cycle may repeal, for several days in
The" Atlas L.ow center must track eastward between 270 succession with slow-moving lows. Airborne dust can
aind 30() N b,•.tore broken io overcast cirrus and/or aflfect an area 120 miles wide and ,each heights of 20,(XX)
alt(oumulus can (deveIop along the Tibesti Mountains. feet (6 kin) MSL.. Atlas Lows, accompanied by deep
"The altocumulus forms between 10,(XX) and 18,(XX) feet upper-level troughs, can produce a number of smaller
(3,050 and 5,485 vneters); tops reach 20,(.0) feet (6 kin) surface lows that produce localized duststorins near the:r
MSL. Altocumulus castcllanus can develop along cold cenlers. 'T11ese small lows affect the region for periods of
froms, occasionally producing virga; tops can reach 7-10 days.. Even after the winds die down, dust in
40,0(K) feet (12 km) MSL. suspension blankets the area for several days.

Stratocumulus forms in sv.eble morning aiT near large High pressure moves into the area behind passing cold
localized moisture sources. Morning cloud cover has its fronts, bringing strong northerly winds and more,
bases at or above 2,00X feet ((0l0 meters) and tops below duststorms. The extent and duration of post.fromtal
4,0(X) feet (1,220 meters) MSL. Stratus is rare in the duststorms depend upon the air mass temperature
Eastern Sahara. Most low ceilings shown in Figure 6-8 differences on either side of the front. Also, low
and almost all ceilings below 1,000 feet (305 metens) are visibility is more common at stations surrounded by silt
caused by blowing dust or sand obscurations. T"tese or fine sand than at stations surrounded by rock or salt
ceilings are usually reportcd as being below 8(X) feet marsh. The fine sand is more common in the east and
(245 meters). south, causing the increase in the area's low visibi!ity

frequencies shown in Figure 6-9.
The Monsoon Trough moves north in May and

oscillawtes along thc subregion's southern edge. Maritime Large and intense high-prcssure areas -nay. tropical (riT) air temporarily replaces continental temporarily tighten pressure gradients just north of the
tropical (CT) air. The shallow afT air mass produces low Monsoon Trough. The tighter gredie•s strengthen the
aind middle clouds. With northward surges of the Harmattan winds, causing Harmattan Haze (which see)
Monsoon Trough, towering cumulus and cumulonimbus in Chad awl western Sudan. Visibilities -re poorest in
can form at Atbara and, to a lesser extent, at Faya the morning (0700 to 0900 LST), when they are between
Largeau, Dongola, and Abu Hamed. These clouds form 1/2 and I mile.
when the Monsoon Trough is north of 200 N and mT air
is 3,(XX)-5,(XX) feet (915-1,525 meters) deep. Bases are The Monsoon Trough moves northward and oscillates
between 4,(XX) and 8,(X)) feet (!,220 and 2,440 meters); over the region throughout the spýing. When the
tops can reach 60,000 feet (18 kin) MSL. Isolated storm Monsoon Trough is at its northernmost position, strong
cells may also appear in northern Surdan. Alto(umulus southerly winds produce duststorms with visibilities
lrnis within and around dissipating towering below a mile immediately south of the trough,
cumults/cumulonimbus, (o'curring most frcqucnt~y
(6-9% of the time) at night and in the early morning. Fog and damp haze are rare, occurring only at
Boses range from 12,(XX) to 20,(XX) fceo (3,6(4) to 6,1(X) locations with large quantities of surface water such as
iiiw00s) with 13.,(XX)- to '1 2,,0-f)oot (93,00- to the Nile Valley and Qa.tara Depression. The salt mrarsh
0, 7(K)-n1et'cr) MS I. tops. cast of Al Jaghbub helps torm nocturnal radiation fof, or

damp haze that reduces visiblity at Al Jaghbub to to
VISIII!LITY. Low visibilities are most common in the 6-mile visibilities about 25% of the time. HeavN
spring when high winds fLom Atlas Lows combine with rainshowers along cold fronts may also reduce visibility
(ary conditions to raise dust. Duststorms develop with for brief periods.
Khamsin or Chibli winds in the Atlas Low's warm

6-15



THE EASTERN SAHARA
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Figure 6-9. Mean Sprin ,, Frequencies of Visibilities Below 3 Miles, Eastern Sahara.
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THE EASTERN SAHARA
SPRING March-May

. WINDS. Surface winds change direction as the Azores Mid- and upper-level winds are sustained

High migrates northwestward. Directions are more west-southwesterly. Wind speeds are 40-90 knots above

variable than in winter because of' the increased 20,000 feet (6,100 meters) in March, but they decrease

frequency of" Atlas Lows, which also make winds above significantly by May. Speeds peak at 38,(0) feet (11.6

17 knots more common than in winter. Western stations kin).
are more affected than those in the east. The cliffs
around both Aswan and Faya Largeau cause channeling.
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Figure 6-10. April Surface Wind Roses, Eastern Sahara.
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THE EASTERN SAHARA
SPRING March-May

PREIP~ITATION. Precipitation in northern Libya and bring heavy rainshowerq. This is evident in the spring
Egypt decreases from its winter maximum, Stations 24-hour maximum rainfall data shown in Figure 6-11. A
south of 28' N receive less than a trace until May. cold and deep upper-level trough can trigger afternoon or
Despite this, rainfall peaks in the sprang between 240 N early evening thunderstorms even in the absence of a
andl 260 N. Although Atlas Lows are most common in front.
spring, storm traks that penei.rate the interior selceom
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THE EASTERN SAHARA
SPRING March-May

* TEMPERATURE. Mean spring temperatures are range fromn 1060 F (410 C) to 1260 F (520 C), but air
lowest in the northwest in March, but highest in the south temperatures in remote areas may exceed 1260 F (520
j115 hefore the Monsoon Trough arrives. In the south, C). Ground temperatures may exceed 1400 F (59" C).
dlaily highs are usually above l(X)°) F (38(' Q) in April Diurnal variations (as much as 35" F/I/9 (') arc mlosl
and May. Atlas Lows' Khamsin or Ghibli winds often extreme in thc spring. Extreme lows range from 25' F
result in the highest spring temperatures. Record highs (-40 C) at Hun, to 52" F (110 C) at Faya Largeau.
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Figure 6-12. Mean Spring Daily Maximum/Minimum Temperatures (F), Eastern Sahara.
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THE EASTERN SAHARA
SUMMER June-August

GENERAL WEATHER. The Monsoon Trough, the SKY COVER. With few lows traveling over the
nmajor summer weather feature, is at about 180 N. its Mediterranean, mean summer cloud cover over the
high humidity and precipitation seldom extends north of northern two-thirds of the region drops to less than 15%.
200 N for more than 3 days in a row. North of the Cloud cover over the southern third, which 5s affected by
Trough's influence, it is extremely dry. the Monsoon Trough, increases to up to 55% and makes

summer the cloudiest season. Most low ceilings shown
The Subtropical Ridge (which see) is centered over in Figure 6-13, however, are caused by the suspended

the subregion during summer. It divides upper-level dust that occurs with thunderstorms, rainshowers,
westerlies to the north from easterlies to the south. Tropical Squall Lines, and the thermal turbulence that

results from intense surface heating. Duststorms
commonly produce ceilings below 800 feet (245 meters).
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Figure 6-13. Mean Spring Cloudiness (Isopleths) and Frequencies of Ceilings Below 3,000 Feet (915
meters), Eastern Sahara.

Most cloud cover in the north is as,Ascialcd with the into the southern Mediterranean. Broken morning
weakened Subtropical Jet (cirrus and allocumulus). stratocumulus is rexorted at Hun and Jalu about once

Scattered to broken cumulus, along with very isolated every 5-7 years. i: probably develops in the Gulf of
cumulonimbuts, can form along rare cold fronts crossing Sidra and penetrates inland with abnormally strong
tlw region's northern fringes. This occurs only when the northwesterly flow. Bases are 1,500-2,5(X) feet (455-760
summer high-pressure ri(Igc ever Europe temporarily meters), tops below 5,(XK) feet (1,525 meters) MSL.
weakens and allows weak cyclonic activity to penetrate
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THE EASTERN SAHARA
SUMMER June-August

Cloud amounts increase in a band between 50 and 250 "Tropical Squall Line," which see. Bases are 4,(XX) to
miles south of the Monsoon Trough. Cumulus, towering 8,(XX) feet (1,220 to 2,440 meters); tops reach 60,(XX)cumulus, and cumulonimbus form within the maritime feet (18 kin). Altostmtus and stratocumulus decks may

tropical (mT) airmass layer, normally when the layer is form under stable conditions after a Tropical Squall Line
3,(XX)-5,(XX0 Icet (915-1.525 meters) thick. Fair-weather passage and persist for 6 to 8 hours. Altostratus bases
cumulus forms daily with about 6,000-foot (1,830 range from 8,000-12,0(0 feet (2,440-3,660 meters) MSL
meters) bases and tops below 10,000 feet (3,050 meters) with tops to 20,000 feet (6 kin) MSL. Stratus is very
MSL. Altocumulus forms in and near the Mid- rare, forming in the early morning hours after heavy
Tropospheric Easterly Jet and within the outflow rains.
boundary of expanding cumulonimbus and towering
cumulus. Altocumulus can also form as the continental VISIBILITY. Summer duststorms are rare north of the
tropical (cT) airmass overrides an mT airmass along the surface Monsoon Trough because few synoptic
Intertropical Discontinuity. Bases are 15,000 to 25,000 disturbances affect the area. However, turbulence caused
feet (4,570 to 7,620 meters) and tops are between 16,000 by intense surface heating raises some dust and results in
and 27,000 feet (4,875 and 8,230 meters) MSL. the slight mid-day increase in low visibilities shown in
Cumulonimbus and towering cumulus can form an Figure 6-14.
organized, westward-moving line of convection called a
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Figure 6-14. Mean Summer Frequencies of Visibilities Below 3 Miles, Fatern Sahara.
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THE EASTERN SAHARA
SUMMER June-Augurt

Visibilities below 3 miles are much more common in Thunderstorm precipitation, most common south of
the region's southern third, where frequencies are more the Monsoon Trough, may briefly lower visibility to
than 30%. Abu Hamed and Atbarah see more below a mile. Morning fog with 2-5 mile visibilities can
dusi-related low visibilities (luring the summer than at form after nocturnal showers. Damp haze with 4-6 mile
any oiher time as the Monsoon Trough oscillaies through visibilities can l1rin around %alt marshes and in the Nile
the area every day throughout much of July and August. Valley. Otherwise, fog and damp haze are very rare in
Large-scale movements in the Monsoon Trough cause the Sahara.
widespread blowing dust or duststorms to its immediate
south. These storms can last for several hours, raising WINDS. The Azores High keeps winds blowing
enough sand and dust to bury roads and train tracks. steadily out of the north through most of the summer, but

south of 200 N they turn to northeasterly. Southwesterly
Farther south, thunderstorm and squall line winds prevail south of the Monsoon Trough's surface

downdrafts cause duststorms, usually within a 50 to position. Surface wind speeds range from 5 knots at
250-mile band south of the surface Monsoon Trough. Luxor to 15 knots at Ghadames. Winds aloft are
These storms can reduce visihilities to l(X) yards, primarily northwesterly to northeasterly, as was shown in
affecting an area 150 miles in diameter and lasting for Figure 6-5. Mean wind speeds aloft are generally below
less than an hour. Tropical Squall Lines can produce 15 knots because the axis of the Subtropical Ridge is
"wails of dust" that are a few hundred feet high. These directly over the region.
severe duststorms are called "Haboobs" in Sudan. They
are usually most severe in early summer.
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Figlure 6-15. July Surface Wind Roses, Eastern Sahara.
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SUMMER June-August

, PRE(IPITATION. Summers are dry north of 200 N; orographic liflt along the Nafusah Mountains' windward

most stations average no rain at all. Precipitation side, but even here average rainfall is less than 0.2 inches

increases slightly in the northwest corner because of a month.
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Figure 6-16. Mean Summer Monthly/Maximum 24-hour Precipitation, Eastern Sahara. lsohyets
represent mean seasonal rainfall totals.

South of 200 N, the Monsoon Trough produces some totals have reached 5 inches (125 mm) at some locations,

rainfall in July and August when showers develop mnore but these amounts are extremely rare.. The rare heavy

than 150 miles south of and parallel to the surface rain can produce 0.1 (3 mam) to 1 inch (25 mam) in an

Trough. Monsoono Trough air is 3,000X to 5,0(X) feet (915 hour and cause flash flovods. Widespread showers with

to 1 ,525 meters) deep there--a necessary condition for embedded thunderstorms cas occur when flow above 75(1

strong convection. Although rainfall is reasonably mb is southerly or southeasterly. Figures 6-1 7a and

predictable south of 20° N, it varies widely from year to 6-i 7b depict flow at dhe gradient and 7()-mob levels in

year. Nearly 70% of summer rain falls from only two or such a case.
three rainshowers or thunderstorms. Monthly rainfall

6-23



THE EASTERN SAHARA
SUMMER June-August

Figure 6-17a. Gradient-Level Flow, Widespread Summer Rain and Thunderstorms.
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THE EASTERN SAHARA
SUMMER June-August

Strong squall lincs with cloud tops exceeding 55,(XX) T'IMPRATURE. June and July arc holiest in the
Icet (16.7 kin) produce thunderstorms with hail and south, as shown in Figure 6-18. Mean daily highs are
Irequent lightning. A strong upper-level cquatorial above I(WO F (380 C) throughout the region except in
moisture surge usually causes the Monsoon Trough to areas within 2(W) miles of the Mediterranican Sea. They
move abnormally northward, resulting in rain where it is arc as high as I I I" F (440 C) at Faya Largeau in June.
least expected. Although it only happens every 20-50 The highest temperatures occur in stagnant air masses
years, even Kufra can get a heavy downpour in August belfore northward surges of cooler Monsoon Trough air.
when the Monsoon Trough surges north of 25' N. Extreme highs range from 1130 F (450 C) at Tazerbo to
Northern Chad's Tibesti Mountains provide some 1310 F (550 C) at Ghadames. The rare observing data
orographic uplift. Normally, the Monsoon Trough is not available indicates that temperatures reach 1400 F (590
lar enough north to produce more than isolated C) in the remote Sahara. Soil surfaces are even hotter.
fair-weather cumulus, but Tibesti vegetation suggests Extreme summer lows range from 490 F (90 C) at Jalu to
that scattered but brief showers do occur. Although there 700 F (210 C) at Abu Hamed.
are no observing stations in the mountains, at least 2
inches (50 mm) is likely above 5,MX) feet (1,525 meters)
during the summer.
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Figure 6-18. Summer Mean Daily Maximum/Minimum Temperatures (F), Eastern Sahara.
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THE EASTERN SAHARA
FALL September-November

GENERAL WEATHER. During the fall the Azores SKY COVER. Increasing cyclonic activity increases

High slowly migrates southward toward its winter mean cloudiness in the north to about 25%, mostly in the

position. Large-scale northwesterly low- and mid-level northwest. Cold fronts spread cirrus and altocumulus

flow returns to the Eastern Sahara. The Saharan High (mostly layered) with bases above 10,(X00 feet (3,050

replaces the Saharan Heat Low and reinforces meters). Cirrus tops are often above 40,M)0( feet (12 kin).

northwesterly flow. Southern and western Libya are the Altocumulus castellanus also forms along the cold front,

only places where the Saharan Heat Low persists through spreading virga. Cumulus and isolated cumulonimbus

October. Surface heating in the Saharan interior permits also foirm along the cold front; bases are 3,000 to 6,000

a shallow thermal low-pressure cell to maintain cyclonic feet (915 to 1,830 meters). Cumulonimbus tops are

low-level flow. Cold fronts, cloudiness, and precipi- 60,0(0 feet (18 kin). Bases may lower to 500 feet (150

tation begin to re-enter the region. imeters) in heavy thunderstorms. Stratocumulu.s may

form in the extreme north after frontal passage, with

As the Monsoon Trough migrates rapidly southward, 2,(X)- to 5,000-foot (610- to 1,525-meter) bases, tops to

the unsettled weather (showers, thundershowers, and 7,0(X) feet (2,135 meters). The cooler, less dry air allows

duststorms) also moves south. The Trough is usually stratocumulus and cumulus to form around salt marshes

south of the region after September. in the afternoon and after frontal passage: bases are

2,500 feet (760 meters). Siwa and Bahariya are affected

most, as shown in Figure 6-19.
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Figure 6-19. Mean Fall Cloudiness (Isopleths) and Frequencies of Ceilings Below 3,000 Feet (915

meters), Eastern Sahara.
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THE EASTERN SAHARA
FALL September-November

M Cloudiness decreases in the south to about 20% as the Cumlonimbus and towering cumulus develop within a

Monsoon Trough recedes. The Trough affects the 150-250 mile band south of the surface Monsoon Trough
southernmost l(xations in September, but disappears by where mT air is 3,(X00-5,(0) feet (915-1,525 meters)
mnid-October, leaving almost cloudless skies. Cirrus may deep. Tops reach 6,0,( feet (18 km).
form in outflow from cumulonimbus or along the
Tropical Easterly Jet. Altocumulus forms near the Most ceilings are above 3,000 feet (915 meters), and

Mid-Tropospheric Easterly Jet and the outflow most low ceilings in the south are the result of dust. Fall
boundadies of large cumulonimbus and towering stratus is rare, but it may form after a heavy September
cumulus. It also forms in continental tropical (cT) rainfall south of the Monsoon Trough.
airmasses that slope equatorward over maritime tropical
(rnT) air along the Intertropical Discontinuity. Bases VISIBILITY. Visibilities are best during the fall

average 15,(X00 feet (4,570 meters) and tops reach 22,0X)0 because the synoptic-scale disturbances that generate

feet (6,700 meters). Cumulus forms within the moist mT duststorms are absent. The Monsoon Trough leaves the

airmass with 4,0(X) to 8,000-foot (1,220- to 2,440-meter) subregion by October, and there is no mid-latitude
bases and tops to 10,000 feet (3,050 meters). cyclonic activity until November.
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Figure 6-20. Mean Fall Frequencies of Visibilities Below 3 Miles, Eastern Sahara.
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THE EASTERN SAHARA
FALL September-November

The few instances of low visibility are primarily The Monsoon Trough only affects the region in
ci1uSCtd by blowing dust and sand. Duststorms forth with September when a surge of southwesterly flow pushes
sliong winds around coll fronts, most often in the Trough northward over Abu Hamod and Atbam and
November. The transitory high behind the cold front triggers widespread duststorms immediately south of its
intensifies the Harmattan (northeasterlics) and triggers surface position. This is the dominant synoptic situation
Haniattan Haze in Chad. Visibilities can drop below 3 that lowers visibilities below a mile in the northern
miles in this haze if winds are strong; they can drop Sudan.
below a mile for up to an hour with sustained winds of
30 knots or greater ifconditions arc dry. WINDS. Surface winds assume winter's pattern as the

Saharan High builds (Figure 6-21). The receding
Frontal showers occur in November at stations north Monsoon Trough causes Atbarah's wind shift from

of a line running from Ghadames to Bahariya. Fog and southwesterly during the summer to northerly. The
d(amp haze may develop (luring stable conditions near northeasterlies at Faya Largeau are enhance"1 by
local water sources, including the Nile Valley and desert channeling through nearby canyons, which raises mean
depressions with oases or salt marshes. wind speeds to 15 knots in the fall. Luxor's light

northwesterly winds are caused by the steep cliffs
surrounding the Nile Valley. Surface winds tend to
funnel along the valley floor.
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Figure 6-21. Octol)er Surface Wind Roses, Eastern Sahara.
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THE EASTERN SAHARA
FALL September-November

* PRECIPITATION. Precipitation is concentrated in the precipitation greatly exceeds mean precipitation for the
north, where late fall fronts produce precipitation, and in entire month at most stations. Monsoonal thunderstorms
the south, where the the receding Monsoon Trough were responsible for the 24-hour rainfall of more than an
produces rainfall south of 210 N in September. Rainfall inch at Atbarah in September. Asyut's 0.8-inch
is Cffafk. over the entire area. Maximum 24-hour maximum rainfall was from frontal activity.
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Figure 6-22. Mean Fall Monthly/Maximum 24-hour Precipitation, Eastern Sahara. lsohycts
represen. ý-iean seasonal rainfall totals.
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THE EASTERN SAHARA
FALL Sptember-November

TEMPERATURE. Mean daily highs decrease by more Record temperatures range from 1080 F (42' C) at Kufra
than 150 F (60 C) through the fall, but they increase to 1220 F (500 C) at Ghadames. Late fall polar surges
between August and September in the south as the produced record lows of 270 F (-30C) at Siwa and 540 F
Monsoon Trough recedes and the cloud cover decreases. (120C) at Abu Hamed.
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Figure 6-23. Mean Fall Daily Maximum/Minimum Temperatures (F), Eastern Sahara.
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* Chapter 7

SOUTHERN CHAD AND SUDAN

This region includes those parts of Chad, Sudan, and western Ethiopia that are south of the Sahara. After dcscribing
the area's situation and relief, this chapter discusses "general weather conditions" by season.
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SOUTHERN CMAD AND SUDAN SITUATION AND RELIEF

S G(EOGRAPHY. The entire region lies above 650 feet navigation and irrigation throughout the adjacent
(2(X) meters). It is dominated by plateaus dissected with countryside.
dry intermittent stream beds or wadis. Isolated mountain
ranges rise to heights greater than 10,000 feet (3,050 The Chari River and its main tributary, the Logone,
meters). The Sudd, in southern Sudan, is a seasonal are Chad's major waterways. The Chari flows northwest
drainage basin that covers 50,000 square NM. and north 500 NM from Sarh (Fort Archambault) to

N'Djamena; it forms the border with Cameroon as it
Jabal Marrah is the highest point in the MarTah enters the southern part of Lake Chad. At times of high

Mountains at 10,073 feet/3,071 meters. It overlooks water, two channels branch off the main stream, one
west-central Sudan's Darfur Highlands, a rolling plateau rejoining the Chari downstream, the other emptying into
that covers 138,150 square NM. The smaller and less the large swamplands near Lake Fittri (130 N, 170 E).
extensive Quaddai and Guera mountain ranges run north The Logone River flows 240 NM northwestward in Chad
to south along the Chad/Sudan border west of the Darfur before meeting the Chari at N'Djamena (Ft Lamy). Both
Highlands. Quaddai Range elevations are between 4,2(X) rivers are navigable for small steamers north of' 110 N
and 4,900 feet (1,280 and 1,495 meters); in the Guera during the wet season.
Range, elevations rise to 5,900 feet (1,800 meters).

LAKES AND RESERVOIRS. Lake Chad is the fourth
The Nuba Mountains lie south of the Darfur largest water body on the African continent. Its surface

Highlands. They contain old weathered hills at heights area varies seasonally from 3,800 to 9,950 square NM.
from 3,000 to 4,(00 feet (915 to 1,220 meters). The variations are the result of seasonal rainfall and
Intermittent streams flow toward the White Nile and discharge from the Logone and Chari Rivers. Like
create large, silt-covered fans on the desert floor. Chad, a fresh-water source, is 787 feet (240 mete, s)

above sea le rel at its lowest point.
The northern Imatong Mountains in extreme. southeastern Sudan divide the extensive marshlands of The Bodele Depression (about 9,(X0) square NM) lies

the Sudd. Mount Kinyeti, on the northern edge of the to the northeast of Lake Chad. Its basin averages 820
Imatong Mountains, is the region's highest peak (10,456 feet (250 meters) above sea level and occasionally fills
feet/3,187 meters); it extends from Kenya and Uganda from the flooded Chari River. Its southern edge lies
northward into extreme southeastern Sudan. Only 400 within the study area.
square NM of this mountain range (includirng Mi
Kinyeti) lies inside the study area. VEGETATION. Well-developed woodland and

wooded grassland (savannah) grow in areas with greater
DRAINAGE AND RIVER SYSTEMS. The largest than 20 inches (5(X) mam) of rainfall a year in the south.
drainage system in the region is the Nile. It combines the Small areas of tropical rain forest flourish along the
Bluc Nile (source: Lake Tana in the Ethiopian Cameroon and Zaire borders.
Highlands) and the White Nile (source: Lake Victoria).

Between 120 and 140 N, there is a transition from
The White Nile descends 1,970 feet (600 meters) as it tropical savannah to semidesert steppe. In the very dry

flows northward to the Sudd. It loses over half its extreme north, scattered scrub vegetation grows; this
discharge to evaporation before reaching the Blue Nile at area marks the southern limits of the Sahara. The
Khartoum. The Sudd floods annually when wet season semidesert steppe contains thorn trees. Large shrubs
rains raise the White Nile several feet above flood stage. with only scattered trees are the dominant forms of
Major tributaries of the White Nile include the Ghazal, vegetalion above 3,(XX) feet (915 meters).
Sobat, Jur, and Akobo.

Extensive marsh vegetation grows in low-lying areas
As the Blue Nile flows northwestward from the such as the Sudd, as well as in the areas around most

[lthiopian Highlands toward Khartoum, it cuts steep rivers and lakes. Most of these areas become
gorg's into the lower foothills of the Ethiopian savannah--open, treeless grassland--during the dry
I lighlands. Thcre is a hlge dain at Roseires, Sudan. The season. By the end of the dry season, most grass appears
trivc, length [roim Roseires to Khartoum is about 4(X) to be dead. The area along the White Nile between 50

NM. South of Khartoum, there is an extensive canal and 100 N is permanent swampland.

system that links the Blue and White Nile. It provides
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SOUTHERN CHAD AND SUDAN SITUATION AND RELIEF
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Figure 7-lb. Climatological Summaries for Two Stations in Southern Chad and Sudan.
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SOUTHERN CHAD AND SUDAN
DRY SEASON November-February

O (;ENERAL WEATHER. The dry season is dominated 40,(XX) to 50,(XX) feet (12 to 15 kin) MSL. Altocumulus
by niortheasterly surfaice I low from the Saharan High and bases range from 10,M(8) to 18,M() feet (3,050 to 5,485
upper-level westerlies. Conlitions arc stabie except in meters) MSL and 1,0(00 to 2,0(0) feet (305 to 610 mneters)
the extreme south where shallow equatorial moisture in thickness. Altocumulus castellanus bases range front
produces isolated showers associated with a brief 8,(M) to 15,M(0) feet (2,440 to 4,570 meters) MSL, with
Monsoon Trough surge to 5' N in early November and tops to 40,000 feet (12 kin) MSL; virga may fall from

late February. Diurnal showers are widely scattered. these clouds. Fair-weather cumulus may develop with
intense afternoon heating in northern Sudan; bases are

SKY COVER. Dry season cloudiness is lowest of the between 4,000 and 8,000 feet (1,220 and 2,440 meters);

year. The mean cloud cover pattern (Figure 7-2) shows a average thickness is 2,000 feet (610 meters).
distinct north-io-su'ith distribution, with 20% in the north
and 60% in the south. The increase to the south is During November and late February, southern

caused by equatorial moisture advection and diurnal Sudan's exposure to mT air generates increased diurnal

convection. Continental tropical (cT) air dominates most cloud cover in the form of afternoon fair-weather

of the area, except for a small area near Juba in cumulus with bases from 4,000 to 8,000 feet (1,220 to
November and late February when maritime tropical 2,440 meters). Altocumulus and cirrus form in

,nl') air dominates. The cT air originates in the Sahara cross-equatorial, southern hemispheric flow with bases

and is dry below 10,000 feet (3,050 meters) MSL. As a that range from 12,000 to 20,000 feet (3,660 to 6,100
result, significant cloud cover is rare during the dry meters) MSL.
Neason, but altocumulus and cirrus accompany intense
cold fronts; cumulus, cumulonimbus, and altocumulus Ceilings below 3,(M) feet (915 meters) are very rare

castellanus occasionally accompany a rare November during the dry season, as shown in Figure 7-2; however,

Atlas Low. dust obscures skies before and after cold front passage in
northern sections. Such rare dust-generated low ceilings

Cirrus is reported at or above 20,0(X) feet (6 kin) MSL are usually reported at 100 to 80M feet (30 to 245 meters).
but is only about 400 feet (120 meters) thick. Cirrus Afternoon cumulus ceilings at 1,500 to 2,500 feet (455 to

"biow-offr with frontal thunderstorms may be thicker 760 meters) have been reported in southern Sudan and

(1,00() to 2,0X) feet/305 to 610 meters) with bases from Chad, but rarely.
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Figure 7-2. Mean Dry Season Cloudines, (Isopleths) and Frequencies of Ceilings Below 3,000 Feet (915
meters), Southern Chad and Sudan.
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SOUTHERN CHAD AND SUDAN
DRY SEASON November-February

VISIBILITY. 'The primary dry season visibility Dominant cT air carries Sahara dust and sand into the
restrictions are blowing (lust and dust haze. Dry soil region. Dust haze reduces visibilities to 3-6 miles on an
conditions near Khartoum, N'Djamena, and Moundou average of 8 to 18 days a dry season. Polar surges
provide noticeable low visibility frequency distributions behind intense cold fronts reinforce the Saharan High
in the region (Figure 7-3). All these stations are in river and tighten the surface pressure gradient between the
valleys and (try lake beds with plenty of fine silt. Rocky front and the Monsoon Trough. Strong northeasterlies
or moist areas like Am Timan's rocky highland and produce Harmattan ccnditions (which see); these affect
Wali's swampland/savannah see very few low Chad and western Sudan for periods of I to 4 days.
visibilities.

Khartoum and El Obeid have duststorm activity with
Fog, moisture haze, and precipitation only occur south strong northwesterly winds behind active cold fronts.

of 100 N, but they rarely lower visibility. Frequency of Deep upper-level troughs bring significant polar air
visibilities below 3 miles varies from 37% at N'Djamena advection southward into central Sudan, while turbulent
just after sunrise to 0% in the afternoon at Juba and Wau. mixing at the surface lowers visibilities to I mile for

short periods.

15 K u
-15 07/13/19 W!' nr* oum
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Figure 7-3. Mean Dry Season Frequencies of Visibilities Below 3 Miles, Southern Chad and Sudan.

WINDS. Under the Saharan High's influence, winds are Aloft, winds back to westerly under the Subtropical
noriherly to northeasterly In Sudan, strong subsidence Ridge's influence in the north, but easterly flow persists
from the Subtropical Ridge combines with blockage in the south--see Figures 7-5a-c. This flow allows an
hrom the Ethiopian Highlands to provide the constant intense upper-level disturbance to occasionally affect
northerly winds shown in Figure 7-4. Sudan.

0
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* SOUTHERN CHAD AND SUDAN
DRY SEASON November-February
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Figure 7.4. January Surface Wind Rose, Southern Chad and Sudan. Note the separate "percent frequency"

scale used for Juba.
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Figure 7-5a. Upper-level Annual Mean Wind Direction, Khartoum, Sudan. Note that the
wind direction axis has been shifted to start at 180 degrees.
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SOUTHERN CHAD AND SUDAN

DRY SEASON 
November-February
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Figure 7-5b. Upper-level Annual Mean Wind Dircction, N'Djamena, Chad.
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Figure 7-5c. Upper-level Annual Mean Wind Direction, Sarh, Chad.
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SOUTHERN CHAD AND SUDAN
DRY SEASON November-February

. Wind direction at 30,(XX) feet (9 km) (Figure 7-6) is good outflow mechanism for isolated convection south
dominated by the Subtropical Ridge. Westerly flow is of 50 N where low-level moisture remains abundant.
variable from west-southwest to west-northwest in any Wind speeds at 30,000 feet (9 kin) range from 20 to 38
given month; it persists throughout the dry season north knots, but speeds are higher at El Obeid and Khartoum
of the Subtropical Ridge. November upper-level because. of their proximity to the Subtropical Jet Stream.
casterlies are found in the extreme touth; they provide a

f-,• Il - -" Kheartourn, Sudan

L ..... Abeche, Chead

950-

4145-

Si / \
0 3b6-a, I

315-,
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225-

I a.0 -. -- "------ ' ----- T --------- 7
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Figure 7-6. Mean Annual 30,000-foot (9 kin) Wind Direction, Southern Chad and Sudan. Note that the wind
d(irection axis has been shifted to start at 180 degrees.

PRECIPITATION. Dry season precipitation is rare thunderstorms--see Figure 7-8. Thunderstorms tops are
except for brief surges of equatorial moisture in above 40,(X00 feet (12 kin) MSL.
November, early December, or February. As shown in
Figure 7-7, mean precipitation averages less than 1 inch Upper-level polar troughs in the Mediterranean Sea
(25 mm) in the dry season except at Juba, which gets 1.4 area are too dry and we-ak to penetrate southern Chad and
inches/35 mm in November. Sudan. Precipitation is rarely recorded north of 70 N in

Chad. Light snow is possible on the highest peaks of the
Maximum 24-hour rainfall occurs with intense polar Marrah Mountains-.polar outbreaks strong enough to

fronts north ol 120 N and %ith isolated convection in the produce snow occur once every 50 to 75 years.
south, where the Monsoon Trough generates isolated
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DRY SEASON November-February
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~~~Figure 7-8. Mean Dry Season Tht l/amunderstorm Drciiays o, Southern Chad and Sudan. loyt
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SOUTHERN CHAD AND SUDAN
DRY SEASON November-February

O T'EMPERATrLRE. Dry season inean daily highs range and 1130) F (450C) at Moundou. Meani daily lOWN range
from 89' to 1040 F (320 to 400 C). Aheche's mean daily from 500 F (100 C) at El Fasher to 7jV) F (220 C)at Juba;
highs (Figure 7-9) average 1000 F (380 CQ) or hefter subfreezing temperatures have been observed at El Obeid
throughout the dry season. In January, the diurnal and in the Marrah Mountains. Record lows include 310
temrperature range is greater than 400 F (230 C). Record F (-10 C) at El Obeid and 500 F (100 C) at Sarh. Most
highs include 1060 F (410 C) at El Fasher in February stations never report less than 400 F (40 C).
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Figure 7-9. Mean Dry Season Daily Maximum/Minimum Temperatures (F), Southern Chad and Sudan.
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SOUTHERN CHAD AND SUDAN
DRY-TO-WET TRANSITION March-May

(ENERAIL WEATHER. Variable weather during the Trough's axis, which separates continental tropical (cT)

Iransition is caused by the Monsoon Trough's slow air from maritime tropical (mT) air. North of the bough,
3-inonth migration northward across the region. The cloud cover patterns are similar to dry season
Trough inoves .faslest in extreme eastern Sudan and conditions--see Figure 7-10. At Juba, Wau, and Sarh,
western Ethiopia because of topography. During the moist southerly mT air surges northward to 140 N by late
transition, the Trough oscillates northward every 3 to 5 May to result in still more cloudiness.
days, then retreats southward for 20 to 50 NM for about a
(lay before another northward surge. The return of the All cloud types are found in the mT air mass. Cirrus
wet season follows Trough passage by 2-4 weeks. develops as outflow "blow-off" from cumulonimbus or
Precipitation, cloudiness, and surface wind shifts affect within upper-level easterly flow south of the Subtropical
the entire region by late-May. Wet conditions are Ridge. By late May, altocumulus reappears near the
established at Watt, Juba, and Moundou in March, and at Mid-Tropospheric Easterly Jet (MTEJ) and 100 to 2(X)
Khartoum, El Fasher, and El Obeid in May. Wetter NM south of the surface Monsoon Trough. Afternoon
conditions develop after southerly winds are established heating produces fair-weather cumulus south of the
for 4 to 6 days in succession. Monsoon Trough; this can grow into towering cumulus

and cumulonimbus if enough moisture reaches 700 mb.
Another important transition feature is the Subtropical

Ridge Early in the transition, ea'rterly flow aloft is Cirrus is reported at or above 20,000 feet (6 km)
established in the extreme south, where there is good MSL, but thunderstorm blow-off reaches 40,000 to
otutflow for sustained convection. Westerly flow aloft 60,000 feet (12 to 18 km) MSL and iq 1,000 to 1,700 feet
persists north of the Subtropical Ridge. By late May, (305 to 520 meters) thick. Altocumulus bases are from
easterly flow at the mid- and upper-levels establishes 10,000 to 18,00() feet (3,050 to 5,485 meters), with tops
deep convection through most of the region. to 20,000 feet (6 kin) MSL north of the surface Monsoon

Trough. Altocumulus in mT air forms from 15,(M0 to
SKY COVER. The Monsoon Trough's northward 25,0(X) feet (4,570 to 7,620 meters), with tops to 27,000 0migration increases mean cloudiness south of the feet (8,230 meters) MSL.
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Figure 7-10. Mean Dry-to-Wet Transition Cloudiness (Isopleths) and Frequencies of Ceilings Below 3,000
Feet (915 meters), Southern Chad and Sudan.
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SOUTHERN CHAD AND SUDAN
DRY-TO-WET TRANSITION March-May

Flair weather cunulus bases range fironm 4,(XX) to 8,(XX) VISIBIlllIT'Y is a function of Monsomn Trough position.
feel (I,220 to 2,440 meters) in mT air and are generally Sudden surges often increase surface flow to 10 knots or
2,(XX) feet (610 meters) thick. Cumnulonimbus with tops greater for 3 to 9 hours; gusts can carry dust and sand
to 60,(XX) feet (18 kmn) and towering cumulus with tops at along the Trough axis and reduce visibility to less than 3
30,0(X) feet (9 kin) can form with deep low-level miles.
moisture support. Heavy thunderstorm clouds may have
bases at 500 feet (150 meters). Polar surges behind Atlas Low cold fronts reinforce

northerly flow across the Sahara and often form dense
Ceilings below 3,000 feet (915 meters) can occur dust haze that reduces visibility to 3-6 miles. Polar

along the Monsoon Trough, bul rarely. Blowing dust surges increase the surface pressure gradient north of the
produces obscurations along the Trough axis with Monsoon Trough and result in strong northeasterlies that
ceilings from 200 to 1,000 feet (60 to 305 meters). produce Harmattan Haze (which see); local visibilities

may be reduced to a mile or less.
Afternoon cumulus with bases from 1,500 to 2,500

feet (450 to 750 meters) forms between Moundou and Northward surges in the Monsoon Trough can
Juba. By late May, these clouds may occur throughout produce blowing dust or sand depending on soil
the region as the surface Monsoon Trough's mean condition and wind speed. Wind speeds greater than 10
position shifts north of 160 N. Heavy late-season rainfall knots are common I to 3 hours before a northward surge.
can produce moisture haze and thin fog in the dense Ground fog forms after a heavy rain. Visibilities can
jungles of southern Sudan and Chad. The areas south of approach zero in thunderstorm downbursis at Juba and
Sarh and Wau have cumulus ceilings 15-25% of the time, Moundou in March, and at Khartoum or Abeche in late
usually between 5,000 and 7,000 feet (1,525 and 2,135 May.
meters).
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Figure 7-11. Mean Dry-to-Wet Transition Frequencies of Visibilities Below 3 Miles, Southern C'had and
e Sudan.
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SOUTHERN CHAD AND SUDAN
DRY-TO-WET TRANSITION March-May

Soil condition is also a determinant of visibility. WINDS. Mean surface wind speeds vary from 6 to 12
Dense vegetation, such as at Juba, or rocky highlands, knots--directions depend on Monsoon Trough position. 0
like those at Am-Timan, result in low frequencies of The high variability of N'Djamena's winds, shown in

visibilities below 3 miles. Precipitation or fog cause Figure 7-12, indicates that the Trough fluctuates around
nearly all low visibilities south of the Monsoon Trough this station in April. Early-season southerly surface flow
except for around Khartoum and N'Djamena, where is persistent at southern stations, Strong surface winds
strong winds lift soil easily whenever it is not saturated. (15 knots or greater) frequently occur with mid-latitude

frontal passages over the Sahara. Northeasterly flow
As the Monsoon Trough moves northward, dry soil penetrates southward to N'Djamena, Ati, and El Fasher

conditions (and increased chances for duststorms) also 24 to 48 hours after the frontal passage.
movc northward. Subsoil moisture and vegetation
increase with rainfall south of the Trough. Low-level Winds aloft also reflect the Monsoon Trough's
convcctive instability causes diurnal variations in northward progression, as shown in Figures 7-5a-c.
visibilities less than 3 miles. Northern stations see dry northerlies at 5,000 feet (1,525

meters) until mid-May.
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SOUTHERN CHAD AND SUDAN
DRY-TO-WET TRANSITION March-May
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0 ~Figure 7-14. Meana Dry-to-Wet Transition Thunderstorm Days, Southern Chad and Sudan.
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SOUTHERN CHAD AND SUDAN
DRY-TO-WET TRANSITION March-May

"TEMPERATURE. The mean daily highs shown in the dry season, ranging from 920 to I 110 F (330 to 440

Figure 7-15 are similar to wet season temperatures south C). Record highs include 111 0 F (44) C) at Juba to 1170
of I 10 N because mean cloud cover distributions are F (470 C) at Khartoum and N'Djamena. Mean daily

similar. Most southern stations record their warmest lows range from 580 F (140 C) at El Fasher in March to
temperatures of the year in March and April; mean daily 780 F (260 C) at Khartoum in May. Record lows are 40'

highs increase by 40 to 80 F (20 to 50 C) from those of F (4r' C) at El Fasher and 600 F (160 C) at Sarh.
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Figure 7-15. Mean Dry-to-Wet Transition Daily Maximum/Minimum Temperatres (F), Southern Chad and
Sudan.

7-16



SCUTHERN CHAD AND SUDAN
WET SEASON June-September

* GENERAL WEATHER. The Monsoon Trough stays Larger scale Easterly Waves propagate westward
just north of southern Chad and Sudan throughout the between 100 and 150 N, frequently spreading cloudiness
wet season, causing scattered showers and thunder- and precipitation between late June and mid-September.
storms. Wet-season weather is dominated by synoptic
and mesoscale disturbances caused by mid-level SKY COVER. The wet season is cloudiest of the year.
instability (the Mid-Tropospheric Easterly Jet--MTEJ-- The highest mean cloud cover percentages are between
and African Waves) and the Monscon Trough. The N'Djamena and Damazine (Figure 7-16). This pattern is
MTEJ, normally between 130 and 15n N, produces local caused by the persistence of the MTEJ and the Tropical
vorticity maxima through horizontal shearing around 650 Easterly Jet at 2W() mb. Both jets provide considcrable
mb. Wet-season disturbances include Tropical Squall amounts of altocumulus and cirrus.
Lines, Ialaboobs, and isolated convection near the MTEJ.
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Figure 7-16. Mean Wet Season Cloudiness (Isopleths) and Frequencies of Ceilings Below 3,000 Feet (915
meters), Southern Chad and Sudan.

The mT air south of the surface Monsoon Trough cumulus. Altostratus and stratocumulus decks form in
produces convective clouds in the morning. Fair-weather the wakes of squall lines with bases between 8,(X) and
cumulus (about 2,000 feet'610 meters) thick) forms from 12,0(00 feet (2,440 and 3,660 meters) and tops to 20,0(X)
diurnal instability; bases range from 4,000 to 8,000 feet feet (6 km) MSL.
(1,220 to 2,440 meters). Mid-level disturbances or
Easterly Waves trigger greater cumulus development Stratus is rare, but it can form in the early morning
throughout the day, but the MTEJ provides the mid-level after heavy rains; bases are 2(X)-I,(XX) feet (60-305
divergence necessary for increased cloud development. meters). Thin log usually dissipates after sunrise.
ttcavy convection in a large-!- ale African Wave, which
causes % -stward-moving squall lines to develop, is Frequency distributions of ceilings below 3,(XX) lIet
common from late June to mid-September bctwecn 130 (915 meters) are 13% or less throughout the region
and 150 4 an(i 150 to 300 E. Cumulonimbus tops reach (Figure 7-16). Midday (1300 LST) percentages at
60,0(X) ecet (18 km) MSL; towering cumulus reaches Moundou and Sarh reflect abundant low-level moisture.
only half that. Bases are about the same as fair-weather Elsewhere, low ceilings result from isolated cumulus and
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SOUTHERN CHAD AND SUDAN
WET SEASON June-September

morning stratocumulus. Lowest ceilings range from Near-zero visibility is possible during thunderstorms.
1,2(X) to 2,5(X) feet (365 to 760 meters). Daytime heating Light rain, drizzle, and fog can occur with mT air in the
can lift morning cloud bases to 8,0(X) feet (2,440 meters); stable post-squall environment; visibility can be reduced
turbulent surface mixing can dry oui the lower layers in to less than 3 miles for 6 to 8 hours. Downbursts and
:-ol Nit ai few extremely salnraled surface conditions. strong gust front- in June squall lines develop walls of
I)ust is tlih primary catse ol ceilings below 3,(XX) lect dust (known as I lahoobs in Sudan) that can lower
(915 meters) at El Fasher, Khartoum, and Kassala; visibifity to zero. Early morning fog and damp haze
however, heavy squall-line showers occasionilly result in form after a heavy nocturnal rainshower in the Darfur
low ceilings from June to August. Often, dust and sand Highlands, the Sudd, and tropical forests of Southern
lifted ahead of a squall line can be observed 30 minutes Chad, but dissipate quickly after sunrise. Bases are
beforc it reaches the station. Low ceilings rarely last 8(X)-1,200 feet (245 to 365 meters); thickness rarely
more than an hour. exceeds 2(X) feet (60 meters).

VISIBILITY. Considering 'he high mean cloudiness Frequency of visibilities below 3 miles is less than 4%
and abundant moisture, wet season visibilities are during any month of the wet season except at Khartoum;
generally good. The moist mT air mass, however, does there, the frequency can be as high as 11% because
cause some fog, thunderstorms, and damp haze. Khartoum is located near the confluence of the Blue and
Duststorms occur at Khartoum, Kassa~a and El Fasher, White Nile, where there ae vast amounts of Fine, silty
but few are observed in July or August during peak soil and moisture. Squad lines in July and August
squall-line activity. Because the soil is wetter, little dust produce some blowing dust, but visibilities below 3
or sand is raised when speeds are less than 15 knots. miles rarely last (or more than an hour. Low visibilities

at all other stations are attributed to heavy rain and
blowing dust.
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Figure 7-17. Mean Wet Seasmn Frequenc'ies 49" Visibilities Below 3 Miles, Southern Chad and Sudan.
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SOUTHERN CHAD AND SUDAN
WET SEASON June-September

*/ WINIS. Wet-season mean surface winds are 15,000-foot (4,570-meter) prevailing wind direction
southwesterly at 4 to 10 knots. Wields above 15 knots approximates that of the MTEJ; wind speed in the MTEJ
result from squall lines and heavy isolated convection; averages 10 knots, but occasionally exceeds 40 knots.
gusts can Ie greater than 40 knots.

Winds at 30,0(X) feet (9 km), as shown in Figure 7-6,
Mean low- and mid-level wind directions (Figure 7-5 are consistently easterly from 16 to 24 knots due to the

a-c) illustrate the persistence of southwesterlies with the effects of the Tropical Easterly Jet.
Monsoon Trough at 5,0(X) feet (1,520 meters). The

El Obeid

.I"

10/
Sarh

I ~Juba

-5N \I•

_ .C... r,.Wv , , 30 3

Figure ',18. July Surface Wind Roses, Southern Chad and Sudan.

PRECIPITATION. Wet season precipitation is the Orographic uplift of moist southerly low-level flow in
result of )ersis•tent southerly flow south of the Monsoon the Darfur and Ethiopian Highlands produces variable
Trough. When the Trough migrates to its northernmost amounts of scattered late afternoon and evening
position in August, equatorial moisture (up to 7W rob) thundershowers that are, irregularly distributed downwindi
advances northward. The MTEJ, located between 130 of mnaximum cloud development. In the Darfur
and 15c' N, generates the mid-level instability necessary Highlands, Tropical Squall Lines and Easterly Waves
for heavy convection; as a consequence, July and proliferate along the MTEJ from July to Septemnber.
August have the highest mean precipitation totals of the
year--sce Figure 7-19, The rapid southward migration of Late afternonon orographic convection turns into
the Mons(xon Trough in late September produces a drop Tropical Squall Lines and convective cloud clusters that
in precipitation in the region's northern half. move slowly westward into cast-central Chad by 180(C

LST. As a result, locations immediately west of the
hist~ibility along the MTE:J and good convective Darfur Highlands show a late afternoon or early evening

outflow beneath the Tropical Easterly let produce precipitation maximum. Isolated convection dissipates
sigi, 4ficant shower and thunderstorm clusters from 200 to within a 50-NM radius of its origin, bull Tropical Squall
3(X) NM south of dile surface Trough. Thunderstorms are Lines continuing westward -nto central and eastern Chad

Ocommon--see Figure 7-20. Most stations have a cause a nocturnal precipitation maximum between 2(XX)

precipitation maximum in August, the result of diurnal and 06W0 LST.
and deep convection.
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SOUTHERN CHAD AND SUDAN
WET SEASON June-September

Easterly Waves develop over east-central Sudan every rainfall east of El Fasher and north of I 10 N. Light,
2 to 5 days by early July. Orographic uplift along the continuous rainshowers occur with thunderstorm blow-W
Fthiopian Highlands creates thunderstorms and off. Significant rainfalls (accounting for 60) to 70% of
rainshowers similar in dlistribution to those, developing in the wet season total) are associated with diurnally
the Darfur H-ighlands. They are aligned north to south generated convective ceils intensifying within Easterly
andl move, westward between 360 E and 300 E. Isolated Waves or independently organized squall lines.
cumuitloninibus cells account for 30% of total wet-season
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SOUTHERN CHAD AND SUDAN
WET SEASON June-September

* EMPERATUIRE. Wet season mean daily highs are ),while July through Sep,,ýmber means are 860 to 1010
highest ini early June before deep equatorial moisture F (300 to 380 C). Record highs in early June include
produces persistent mid- and upper-level clouds. Heavy 10 10 F (380 C) at Juba and I 180 F (480 C) at Khartoum.
convection and cloud cover cause July and August mean Mean daily lows range from 680 F (200 C) at Juba in
daily highs to be the lowest of the year--see Figure 7-21. August to 790 F (260 C) at Khartoum in June. Record
June temperatures range from 910 to 1090 F(330 to430  lows range from 550 to 620 F(13 0 to 170 Q.
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SOUTHERN CHAD AND SUDAN
WET-TO-DRY SEASON TRANSITION October

(IENERAL WEATHER. The wet-to-dry transition is Easterly Jet (MTEJ) and the Tropical Easterly Jet (TEJ)
very short due to the rapid southward movement of the are weakened. Fair weather is re-established with little
Monsoon Trough, during which mT air is replaced with rainfall and northeasterly surface flow by mid- to late
cT. In October, the Trough's mean position lies across October north of 70 N.
the region's southern third. Stations to its south get
deep, low-level equatorial moisture to fuel heavy SKY COVER. North of the Monsoon Trough, the cT
convection concentrated south of 50 N. airmass is dry Saharan air with little moisture below

10,000 feet (3,050 meters) MSL. The drier air leads to a
The Subtropical Ridge migrates south to about 150 N north to south increase in mean October cloudiness

in October, bringing the mid- and upper-level westerlies percentages (Figure 7-22).
to the region's northern edge. The Mid-Tropospheric
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Fig~nre 7-22 MeanJ Wet-to-Pry Transition Cleudiness (Isolinuts) and Frequencies or Ceilings Below 3&0OO Feet
(915 meters), Southern Chad and Su1a0.

The cloud types reported near the weak TEJ core and to 25,000 fee; (4,570 t;; 7,620 meters) MSL with tops
north of the Monsoon Trough in cT air are generally ranging 17,0(X) to 27,000 feet (5,180 to 8,230 meters)
cirrus and altocumulus. Cirrus several hundre,; kec thick MSL. In early October, altostratus may occur behind
is common above 20,000) feet (6 kni) MSL, while squall lines with bases between 8,000 and 12,000 feet
altoc~umulus ranges from 10,000 to 18,000 feet (3,050) to (2,440 to 3,600 aaeters) with tops between 15,000 and
5,485 meters) MSL. with tops between 12,000 and 20,00)0 20,000 feet (4,570 to 6,100 meters,• MSL. Squall-line
feet (3,660) and 6100 meelers) MSL. stratocumulus is 1,000 to 2,000 feet (305 to 610 meters)

thick, with bases at 2,000 to 6,000 feet (610 to 1,830
Many cloud types may develop in the mT air south of meters). Fair-weather cumulus bases are from 4,000 to

the Monsoon Trough. Cirrus blow-off from 8,000 feet (1,220 to 2,440 meters), tops 2,000 feet (610cumnulonimbus !,00 to 2,000 feet (305 to 610 meters) meters). Cumulonimbus and towaring cumulus bases are
thick with tops as high as 60,0(X) teet (18 kmi) MSL is similar to fair-weather cumuhis, but tops ,#.an reach
common. Altocumulus forming along the Intertropical 60,000 feet (18 kin).Diontinuity (ITD) in rnT air has bases between 15,000)
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(e~iling I requency distributions below 3,0(X) fect (915 Visibilities below 3 miles are infrequent, caused
* meters) are small; most low-ceiling reports are thc result miainly by precipitation anid rog. Isolated thunderst.orms

of' duisstorins. Skies are obscured when the surf'ace in ear!y October can produce heavy showers kind( re(:.uce
pre.ssulre gradlient,, tighten either north or south of" the visibility to near zero for short periods. Dusistorms are.
Mt )IN01 T ilI i igh 01- ) W ith illie1t2 If( ill lilt 12 stt Il I II olitt t 'A scaice, but an abt norallIy dtry Oc Iofw r increases fthe
boundaries. (Ceilings range f'rom 2WX to I ,(XX) fee (00 to p~ossibi lily.
305 meters). Monsoon Trough moisture causes slightly
higher low-ceiling frequencies at Wau, Juba, and North of' the Monsoon Trough, (try Saharan air
Moundou. C'umulus andl cumulonimbus ceilings range dominates and rapidlly (tries the surface. Visibilities are
f'rom 1,2WX to 2,5WX feet (365 to 760 meters). gooit except with wind speeds greater than 10 knots,

which cause an incrcase in (lust alof't (Harimattan [laze).
VISIBILITY. Frequencies of' visibilities below 3 miles
in thc south are lower than in the north because surface October's low-visibility frequencies are less than I 13%
soil there is still moist from Monsoon Tcough rainf'all. (Figure 7-23). Slight increases at N'DJamnena and

*High dlaytime temperatures and decreased rainill'll north Khartoum are caused] by more suspended dust, a
of the Trough result in (trier soil alter early October. by-produ-.t of the f-all harvest.

15 /07/13/19 Khartou
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(C0_1/1 Abeche EP Fasher 12/ 1/ 1 08/14,/2
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Fiur 72. ea WttoDr THoiu o r eqe:e LS Viiite lo8/ 31ils4/ uhen2hdnn

thgue Troug3' Meilatin. W iodr direc stion atrNequaenaiesI fVsibiten ies throug 3c bies, whilether Corheadirane

is contrj iledl by it fake-breeze circulation ofl L ake child. reflect the dtry Satilman f'low on the north side oqf thle
Specnd~saverage 7 knots. Monsoon Trough.
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Figure 7-24. October Surface Wind Roses, Southern Chad and Sudan.

PRECIPITATION. Mean transition rainfall (Figure mrn)--see Figure 7-26. Stations north of 10' N average
7-25) is a function of Monsoon TroLgh position. By late less than 2 inches (51 mm). Most rain (ails in very early
October, the surface Trough is near 60 N over Sudan. October with isolated convection associated with a
Southern locations in Chad and Sudan, where showers weakened MTEJ and the rapidly southward -moving
ndn thundershowers prevail, average at least 3 inches (76 surface Monsoon Trough.
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150 20 25 30 35

Figure 7-25. Mean Wet-to-Dry Transition Monthly/Maximum 24-hour Precipitation, Southern Chad andi
Sudan. Isohyets represent mean seasonal rainfall totals.
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